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-9 50 ACTCA TAAAAA7TAG 7AGATTGCTT GGTTGGTTTC Z ATGTACCAG 

-90 0 AAGGCTTACC CTATTAGTTG AAAGT7GAAA CTT7G7TCCC TACTCAATTI 

-3 50 CTAGTTGTGT AAATGTATGT ATA7G7AATG CGTATAAAAC GTAGTAC7TA 

-a 00 AATGAOTAGG AGTGGTTCTT GAGACCGATG AGAGATGGGA GCAGAAG7AA 

-750 AGATGATGAC ATAATTAAGA ACGAA7TTGA AAGGC7CTTA GGTTTGAATC 

-7C0 CTA7TCGAGA ATGTTTTTGT CAAAGATAG7 GGCGATT77G AACCAAAGAA 

-650 AAGATTTAAA AAATCAGTAT CCGGT7ACGT TCATGCAAAT AGAAAGTGGT 

-t> 00 CTAGGATCTG ATTGTAATTT TAGACTTAAA GAGTCTCTTA AGATTCAATC 

-5 50 CTGGCTCTGT ACAAAACTAC AAATAATATA 7TT7AGAC7A TT7GGCCTTA 

-500 ACTAAACTTC CACTCATTAT TTACTGAGGT T AGAGAAT AG ACTTGCGAAT 

-4 50 AAA CA C ATT C CCGAGAAATA CTCATGATCC CATAATTAG7 CAGAGGGTAT 

-4 00 GCCAATCAGA TCTAAGAACA CACATTCCCT CAAAT7TTAA 7GCACATGTA 

-3 50 ATCATAGTTT AGCACAATTC AAAAATAATG TAGTATTAAA GACAGAAATT 

-300 TG7AGACTTT TTTTTGGCGT TAAAGGAAGA CTAAGTTTAT ACGTACATT? 

-2 50 TATTTTAAGT GGAAAACCGA AATTT7CCAT CGAAA7ATAT GAATTTAGTA 

-.2 00 TATATATTTC TGCAATGTAC TATTTTGCTA 777TGGCAAC T7TCAGTGGA 

-150 CTACTACTT? ATTACAATGT G7ATGGATGC ATGAGTTTGA G7ATACACAT 

■100 GTCTAAATGC ATGCTTTGCA AAACGTAACG GACCACAAAA GAGGA7CCA7 

-5C GCAAATACAT CTCATAGC7T CCT CCA7TA7 T-TCCGACAC AAACAGAGCA 

4r JitproRV 

V, ATG^ AC GTCCG TTAACGTTAA GCTCC7T 

(57) Abstract: Nucleic acid constructs are provided comprising transcriptional regulatory regions homologous to plant FA EI pro- 
moters. In some embodiments, these constructs may be used in transgenic cells or plants to promote expression of foreign and 
endogenous genes in developing seeds, for example to affect seed lipid metabolism, protein or carbohydrate composition and accu- 
mulation, or seed development. 
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REGULATION OF EMBRYONIC TRANSCRIPTION IN PLANTS 



FIELD OF THE INVENTION 



The invention is in the field of nucleic acid sequences capable of regulating 
transcription, particularly sequences that may promote transcription during embryogenesis in 
plants. 



Most of the information about seed-specific gene expression comes from studies of 
genes encoding seed storage proteins like napin, a major protein in the seeds of Brassica 
napus. or conglycinin of soybean. Upstream DNA sequences directing strong embryo-specific 
expression of these storage proteins have been used successfully in transgenic plants to 
manipulate seed lipid composition and accumulation (Voelker et ah. 1996). However, 
expression of storage protein genes begins fairly late in embryogenesis. Thus, promoters of 
seed storage protein genes may not be ideal for all seed-specific applications. For example, 
storage oil accumulation commences significantly before the highest level of expression of 
either napin ( Stalberg et al.. 1996) or conglycinin (Chen et al.. 1988) is achieved. It is. 
therefore of interest to identify other promoters which may modulate expression of genes in 
developing plant embryos. 

A variety of transcriptional regulatory regions that may be active during plant 
embryogenesis are known, as disclosed for example in: U.S. Patent No. 5,792.922 issued 1 1 
August 1998 to Moloney; U.S. Patent No. 5.623.067 issued 22 April 1997 to Vandekerckhove 
et al.; international Patent Publication W09845461 published 15 October 19^8. There remains 
a need for alternative transcriptional regulatory regions. 

FATTY ACID ELOSGATIOS1 (FAEJ) genes encode condensing enzymes involved in 
plant very- long chain fatty acid biosynthesis. The FAE1 condensing enzyme is thought to be 
localized in the endoplasmic reticulum where it catalyzes the sequential elongation of CIS 
fatty acyl chains to C22 in length (Kunst et al.. 1992). FAEJ genes have been cloned and 
described recently by James et al. (1995). International Patent Publication WO 96/13582. 

SUMMARY OF THE INVENTION 

In one aspect, the invention provides transcriptional regulatory regions derived from 
FAEJ genes. The transcriptional regulatory regions of the invention may be useful in 



BACKGROUND OF THE INVENTION 
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promoting early seed-specific transcription of heterologous sequences to which they are 
operably linked. The transcriptional regulator}' regions of the invention may be used in a wide 
variety of plants, including Brassica sp., Arabidopsis and other plant species. DNA constructs 
comprising the transcriptional regulator}' sequences of the invention may be active during 
fatty acid or lipid biosynthesis in the plant embryo. Certain embodiments of the constructs of 
the invention may be used in transgenic plants to promote expression of heterologous 
sequences in developing seeds. In various embodiments, the constructs of the invention may 
be used to mediate gene expression that affects seed lipid metabolism, or seed protein 
composition or seed carbohydrate composition, or seed development. In alternative 
embodiments, the transcriptional regulator}' regions of the invention may also be useful for the 
production of modified seeds containing novel recombinant proteins which have 
pharmaceutical, industrial or nutritional value. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 shows a 934 bp DNA sequence comprising the Arabidopsis ihaiiana FAE1 
transcription regulatory sequence. 

Figure 2 shows a 1588 bp DNA sequence comprising the Brassica napus FAE1 
transcription regulatory sequence. 

Figure 3 shows a 1069 bp DNA sequence comprising the Lunaria annua FAE1 
transcription regulatory sequence. 

Figure 4 shows an alignment of the Arabidopsis thaliana (A.t.\ Lunaria annua (L.a.) 
and Brassica napus (B.n.) transcription regulatory sequences. Asterisks below the sequences 
indicate identical nucleotides in each of the three sequences. A number of putative cis-acting 
sequence motifs are identified in the A. ihaiiana sequence: an EMI ABA box at -44bp to - 
36bp having the sequence ACATCTCAT, for which the published consensus sequence is 
ACGTGTCAT (Rowley, D.L. and Herman. E.M. (1997), Biochimica et Biophysica Acta 
1345:1-4); an A-300 box at -51 bp to -46bp having the sequence TGCAAT. for which the 
published consensus sequence is TG(T/A/C)AAA(G/T) (Morton et al. (1994) in Seed 
Development and Germination (Kigel. J. and Gallili. G.. eds.) pp. 103-138. Marcel Dekker. 
New York); G-box 1 at -105 to -100 bp having the sequence CACATG, for which is the 
consensus sequence is CACCTG, and G-box 2 at -164 to -159 bp having the sequence 
CAACTT. for which the consensus sequence is CAACTG (Kawogoe. Y. and Murai. N. 
(1992) Plant J. 2:927-936; CE1 element at -226 to -218 bp having the sequence 
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TTCCATCGA. for which the consensus sequence is TGCCACCGG. and a CE3 eiement at - 
381bp to -369 bp having the sequence ACACATTCCCTC. for which the consensus sequence 
is ACGCGTGTCCTC (Shen et al., (1996) Plant Cell 8: 1 107-1 1 19). Not highlighted is a 
putative RY repeat motif at -53bp to -47bp having the sequence CATGCAA. for which the 
5 consensus sequence is CATGCAT (Dickinson et al. (1988) Nucleic Acid Res. 16:371; 
Lelievre et al. (1992) Plant Physiol. 98:387-391). Also shown, as Con. 4. is a consensus 
sequence, wherein R=G or A, Y-TAJ or C. M=A or C K=G or T/U, S=G or C W=A or T/U. 
B=G or C or T/U. D=A or G or T/U, H=A or C or T/U, V=A or G or C and N=A or G or C or 
T7U. 

10 Figure 5 shows an alignment of the Arabidopsis thaliana (A J.) and Lunaria annua 

(L.a.) transcription regulatory sequences. Asterisks below the sequences indicate identical 
nucleotides in each of the two sequences. The base at position -400 in the A.t. sequence is 
highlighted. The alignment of sequences in both Figure 4 and Figure 5 was accomplished 
using the CLUSTALW program (version 1.74) for multiple sequence alignments, using a gap 

15 open penalty of 15. a gap extension penalty of 6.66 and an IUB DNA weight matrix. Also 
shown, as Con. 5, is a consensus sequence, wherein R=G or A. Y=T/TJ or C. M=A or C. K=G 
or T/U, S=G or C, W=A or T/U, B=G or C or T/U. D=A or G or T/U. H=A or C or T/U, V=A 
or G or C and N=A or G or C or T/U. 

Figure 6 includes two bar graphs illustrating hydroxy fatty acid content of A) FAE1- 

20 FAH12 and B) napin-FAH12 transgenic seeds, expressed as percentage of total seed fatty 
acids. 

Figure 7 shows an alignment of the Brassica nanus (B.n. ) and Lunaria annua (L.a. ) 
FEA1 transcription regulatory sequences. Asterisks below the sequences indicate identical 
nucleotides in each of the two sequences. 
- 5 Figure 8 shows an alignment of the Brassica napus (B.n. ) and Arabidopsis thaliana 

(A.t.) FEA1 transcription regulatory sequences. Asterisks below the sequences indicate 
identical nucleotides in each of the two sequences. 

DETAILED DESCRIPTION OF THE INVENTION 

>0 The recombinant nucleic acid molecules of the invention may comprise a heterologous 

promoter sequence operably linked to a nucleic acid sequence, wherein the promoter 
sequence comprises a transcriptional regulatory region capable of mediating seed-specific 
expression in Arabidopsis. The transcriptional regulatory region may be obtainable from a 
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plant FAE1 gene. Alterntively, The transcriptional regulatory region may hybridize under 
stringent conditions to a 5' region of the plant FAE1 gene. In further alternative 
embodiments, The transcriptional regulatory region may be at least 10% identical when 
optimally aligned to the 5' region of the plant FAE1 gene. 
5 In alternative embodiments, the invention provides isolated nucleic acids comprising 

the transcriptional regulatory regions of the invention. By isolated, it is meant that the 
isolated substance has been substantially separated or purified away from other biological 
components with which it would otherwise be associated, for example in vivo. The term 
isolated" therefore includes substances purified by standard purification methods, as well as 
10 substances prepared by recombinant expression in a host, as well as chemically synthesized 
substances. 

In the context of the present invention, "transcriptional regulatory region" means a 
nucleotide sequence capable of mediating or modulating transcription of a nucleotide 
sequence of interest, when the transcriptional regulatory region is operably linked to the 

! 5 sequence of interest. Conversely, a transcriptional regulatory region and a sequence of interest 
are "operably linked" when the sequences are functionally connected so as to permit 
transcription of the sequence of interest to be mediated or modulated by the transcriptional 
regulatory region. In some embodiments, to be operably linked, a transcriptional regulatory 
region may be located on the same strand as the sequence of interest. The transcriptional 

20 regulatory region may in some embodiments be located 5' of the sequence of interest. In such 
embodiments, the transcriptional regulatory region may be directly 5' of the sequence of 
interest or there may be intervening sequences between these regions. The operable linkage of 
the transcriptional regulatory region and the sequence of interest may require appropriate 
molecules (such as transcriptional activator proteins) to be bound to the transcriptional 

25 regulatory region, the invention therefore encompasses embodiments in which such molecules 
are provided, either in vitro or in vivo. 

The term "recombinant" means that something has been recombined. so that when 
made in reference to a nucleic acid molecule the term refers to a molecule that is comprised of 
nucleic acid sequences that are joined together by means of molecular biological techniques. 

30 The term "recombinant" when made in reference to a protein or a polypeptide refers to a 
protein molecule which is expressed using a recombinant nucleic acid molecule. The term 
"heterologous" when made in reference to a nucleic acid sequence refers to a nucleotide 
sequence which is ligated to, or is manipulated to become ligated to, a nucleic acid sequence 

-4 - 
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to which it is not iigated in nature, or to which it is ligated at a different iocation in nature. The 
term "heterologous" therefore indicates that the nucleic acid molecule has been manipulated 
using genetic engineering, i.e. by human intervention. 

Sequences may be derived or obtainable from plant FAE1 genes by deduction and 
synthesis based upon the wild-type FAEJ gene sequences. Derived sequences may be 
identified in different organisms, for example by isolation using as probes the nucleic acid 
sequences of the invention. Alternative transcriptional regulatory regions may be derived 
through mutagenesis or substitution of wild-type sequences, such as the sequence disclosed 
herein. Derived nucleic acids of the invention may be obtained by chemical synthesis, 
isolation, or cloning from genomic DNAs using techniques known in the an. such as the 
Polymerase Chain Reaction (PCR). Consensus sequences, such as those illustrated in Figures 
4 and 5 are alternative embodiments of the nucleic acids of the invention, derived from the 
disclose wild-type FAE1 gene sequences. Nucleic acids of the present invention may be used 
to design alternative primers (probes ) suitable for use as PCR primers to amplify particular 
regions of an FAEJ gene. Such PCR primers may for example comprise a sequence of 15-20 
consecutive nucleotides of the sequences of the invention. To enhance amplification 
specificity, primers of 20-30 nucleotides in length may also be used. Methods and conditions 
for PCR amplification are described in Innis et al. (1990); Sambrook et al. (1989); and 
Ausubel et al. (1995). As used herein, the term "probe" when made in reference to an 
oligonucleotide refers to an oligonucleotide which is capable of hybridizing to another 
oligonucleotide of interest. A probe may be single-stranded or double-stranded. Probes are. for 
example, useful in the detection, identification, amplification and isolation of particular gene 
sequences. Oligonucleotide probes may be labelled with a "reporter molecule." so that the 
probe is detectable using a detection system, such as enzymatic, fluorescent, radioactive or 
luminescent detection systems. 

Derived nucleic acids of the invention may also be identified by hybridization, such as 
Southern or Northern analysis. Southern analysis is a method by which the presence of DNA 
sequences in a target nucleic acid mixture are identified by hybridization to a labeled probe, 
comprising an oligonucleotide or DNA fragment of a nucleic acid of the invention. Probes for 
Southern analysis may for example be at least 15 nucleotides in length. Southern analysis 
typically involves electrophoretic separation of DNA digests on agarose gels, denaturation of 
the DNA after electrophoretic separation, and transfer of the DNA to nitrocellulose, nylon, or 
another suitable membrane support for analysis with a radiolabeled, biotinylated. or enzyme- 
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labeled probe as described in Sambrook er al. (1989V Similarly. Northern analysis may be 
used to identify RNAs that hybridize to a known probe such as an oligonucleotide. DNA 
fragment. cDNA or fragment thereof, or RNA fragment of a nucleic acid of the invention or a 
known FAE1 sequence. The probe may be labeled with a radioisotope such as 32 P. by 
5 biotinyiation or with an enzyme. The RNA to be analyzed may be electrophoretically 

separated on an agarose or polyacryiamide gel, transferred to nitrocellulose, nylon, or other 
suitable membrane, and hybridized with the probe, using standard techniques well known in 
the art such as described in Sambrook et al. (1989). 

In alternative embodiments, a transcriptional regulatory region of the invention may 
10 be at least 70% identical when optimally aligned to the 5' region of a plant FAE1 gene, such 
as the Arabidopsis FAE1 gene. In alternative embodiments, the degree of identity may be 
between 50% and 100%, such as 60%. 80%. 90%. 95% or 99%. When a position in the 
compared sequence is occupied by the same nucleotide or amino acid, following optimal 
alignment of the sequences, the molecules are considered to have identity at that position. The 
15 degree of identity between sequences is a function of the number of matching positions shared 
by the sequences. In terms of percentage, identity is the sum of identical positions, divided by 
the total length over which the sequences are aligned, multiplied by 100. 

Various aspects of the present invention encompass nucleic acid or amino acid 
sequences that are homologous to other sequences. As the term is used herein, an amino acid 
20 or nucleic acid sequence is "homologous" to another sequence if the two sequences are 

substantially identical and the functional activity of the sequences is conserved (for example, 
both sequences function as or encode a FAE1 enzyme: as used herein, the term 'homologous' 
does not infer evolutionary relatedness). Nucleic acid sequences may also be homologous if 
they encode substantially identical amino acid sequences, even if the nucleic acid sequences 
25 are not themselves substantially identical, a circumstance that may for example arise as a 
result of the degeneracy of the genetic code. 

Two amino acid or nucleic acid sequences are considered substantially identical if 
when optimally aligned ( with gaps permitted), they share at least about 50% sequence 
similarity or identity, or if the sequences share defined functional motifs. In alternative 
30 embodiments, sequence similarity in optimally aligned substantially identical sequences may 
be at least 60%, 70%, 80%. 90% or 95%. As used herein, a given percentage of homology 
between sequences denotes the degree of sequence identity in optimally aligned sequences. 
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Optimal alignment of sequences for comparisons of similarity may be automated using 
a variety of algorithms, such as the locai homology algorithm of Smith and Waterman (1981) 
Adv. AppL Math 2: 482. the homology alignment algorithm of Needleman and Wunsch (1970) 
J. Mol Biol. 48:443. the search for similarity method of Pearson and Lipman (1988) Proc. 
5 Natl. Acad. ScL USA 85: 2444. and the computerized implementations of these algorithms 

(such as GAP. BESTFIT, FASTA and TFASTA in the Wisconsin Genetics Software Package. 
Genetics Computer Group, Madison. WL U.S.A.). Sequence similarity may also be 
determined using the BLAST algorithm, described in Altschul et al. (1990). J. Mol Biol 
215:403-10 (using the published default settings). Software and instructions for performing 
1 0 BLAST analysis may be available through the National Center for Biotechnology Information 
in the United States (including the programs BLASTP. BLASTN. BLASTX, TBLASTN and 
TBLASTX that may be available through the internet at http://www.ncbi.nlm.nih. gov/1 . The 
BLAST algorithm involves first identifying high scoring sequence pairs (HSPs) by identifying 
short words of length W in the query sequence that either match or satisfy some positive - 

1 5 valued threshold score T when aligned with a word of the same length in a database 
(reference) sequence. T is referred to as the neighborhood word score threshold. Initial 
neighborhood word hits act as seeds for initiating searches to find longer HSPs. The word hits 
are extended in both directions along each sequence for as far as the cumulative alignment 
score can be increased. Extension of the word hits in each direction is halted when the 

20 following parameters are met: the cumulative alignment score falls off by the quantity X from 
its maximum achieved value; the cumulative score goes to zero or below, due to the 
accumulation of one or more negative-scoring residue alignments; or the end of either 
sequence is reached. The BLAST algorithm parameters W. T and X determine the sensitivity 
and speed of the alignment. The BLAST program may use as defaults a word length (W) of 

25 11, the BLOSUM62 scoring matrix (Henikoff and Henikoff (1992) Proc. Natl. Acad. ScL USA 
89: 10915-10919), a gap existence cost of 1 1, a per residue gap cost of 1, a lambda ratio of 
0.85, alignments (B) of 50. expectation (E) of 10, M=5. N=4. and a comparison of both 
strands. One measure of the statistical similarity between two sequences using the BLAST 
algorithm is the smallest sum probability (P(N)), which provides an indication of the 

30 probability by which a match between two nucleotide or amino acid sequences would occur 
by chance. In alternative embodiments of the invention, nucleotide or amino acid sequences 
are considered substantially identical if the smallest sum probability in a comparison of the 
test sequences is less than about 1. preferably less than about 0.1, more preferably less than 
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about 0.0 L and most preferably less than about 0.001. In the PSI-BLAST implementation of 
the BLAST algorithm, an expect value for inclusion in PSI-BLAST iteration may be 0.001 
(Altschul et al. (1997), Nucleic Acids Res. 25:3389-3402). Searching parameters may be 
varied to obtain potentially homologous sequences from database searches. 
5 An alternative indication that two nucleic acid sequences are substantially identical is 

that the rvvo sequences hybridize to each other under moderately stringent, or preferably 
stringent, conditions. Hybridization to filter-bound sequences under moderately stringent 
conditions may. for example, be performed in 0.5 M NaHPO.*, 7% sodium dodecyl sulfate 
(SDS). 1 mM EDTA at 65EC and washing in 0.2 x SSC/0.1% SDS at 42EC (see AusubeL et 

10 al (eds), 1989, Current Protocols in Molecular Biology, Vol. 1. Green Publishing Associates. 
Inc.. and John Wiley &: Sons. Inc.. New York, at p. 2.10.3 ). Alternatively, hybridization to 
filter-bound sequences under stringent conditions may, for example, be performed in 0.5 M 
NaHPOu 7% SDS, 1 mM EDTA at 65EC. and washing in 0.1 x SSC/0.1% SDS at 68EC (see 
AusubeL et al (eds), 1989, supra). Hybridization conditions may be modified in accordance 

15 with known methods depending on the sequence of interest (see Tijssen. 1993, Laboratory 
Techniques in Biochemistry and Molecular Biology ~ Hybridization with Nucleic Acid 
Probes, Part I, Chapter 2 "Overview of principles of hybridization and the strategy of nucleic 
acid probe assays'*, Elsevier. New York). Generally, stringent conditions are selected to be 
about 5EC lower than the thermal melting point for the specific sequence at a defined ionic 

20 strength and pH. 

A FAE1 promoter is any naturally occurring transcriptional regulatory region that 
mediates or modulates the expression of a plant FAE1 condensing enzyme. Plant FAE1 
condensing enzymes are proteins that are homologous to known FAE1 condensing enzymes, 
such as those cloned and described in International Patent Publication WO 96/13582. 

25 Heterologous DNA sequences may for example be introduced into a host cell by 

transformation. Such heterologous molecules may include sequences derived from the host 
cell species, which have been isolated and reintroduced into cells of the host species. 
Heterologous nucleic acid sequences may become integrated into a host cell genome, either as 
a result of the original transformation of the host cells, or as the result of subsequent 

30 recombination events. Transformation techniques that may be employed include plant cell 
membrane disruption by electroporation, microinjection and polyethylene glycol based 
transformation (such as are disclosed in Paszkowski et al. EMBOJ. 3:2717 (1984); Fromm et 
al. Proc. Sail Acad. Sci. USA 82:5824 ( 1 985); Rogers et al. Methods Enzymol. 1 18:627 
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(1986): and in U.S. Patent Nos. 4.684.61 1; 4,801.540; 4.743.548 and 5.231.019), bioiistic 
transformation such as DNA panicle bombardment (for example as disclosed in Klein, et al. 
Nature 327: 70 (1987); Gordon-Kamm. et al. "The Plant Cell" 2:603 (1990); and in U.S. 
Patent Nos. 4,945.050; 5,015,580; 5.149,655 and 5.466.587); Agrobactenum-medizted 
5 transformation methods (such as those disclosed in Horsch et al. Science 233: 496 (1984); 
Fraley et aL Proc. Nat 'I Acad. Sci. USA 80:4803 (1983); and U.S. Patent Nos. 4,940.838 and 
5.464,763). 

Standard methods are available for the preparation of constructs for use in identifying 
and characterizing transcriptional regulatory regions useful in various embodiments of the 
10 invention. General molecular techniques may for example be performed by procedures 

generally described by Ausubel FM Brent R. Kingston RE. Moore DD. Seidman JG. Smith 
JA. Stuhl K. (1995) Current Protocols in Molecular Biology, Vols 1. 2 and 3. Alternative 
equivalent methods or variations thereof may be used in accordance with the general 
knowledge of those skilled in this an and the functional requirements of the present invention. 

15 In some aspects of the invention, transformed plant cells may be cultured to regenerate 

whole plants having a transformed genotype and displaying a desired phenotype. as for 
example modified by the expression of a heterologous protein mediated by a transcriptional 
regulatory region of the invention. A variety of plant culture techniques may be used to 
regenerate whole plants, such as are described in Gamborg and Phillips. "Plant Cell. Tissue 

20 and Organ Culture, Fundamental Methods", Springer Berlin. 1995); Evans et al. "Protoplasts 
Isolation and Culture**. Handbook of Plant Cell Culture. Macmillian Publishing Company, 
New York. 1983; or Binding. "Regeneration of Plants. Plant Protoplasts". CRC Press. Boca 
Raton. 1985; or in Klee et al.. Ann. Rev. of Plant Phys. 38:467 (1987). A cell, tissue, organ, or 
organism into which has been introduced a foreign nucleic acid, is considered "transformed". 

25 "transfected". or "transgenic". A transgenic or transformed cell or organism also includes 

progeny of the cell or organism and progeny produced from a breeding program employing a 
transgenic plant as a parent in a cross and exhibiting an altered phenotype resulting from the 
presence of a recombinant nucleic acid construct. A transgenic plant is therefore a plant that 
has been transformed with a heterologous nucleic acid, or the progeny of such a plant that 

30 includes the transgene. The invention provides vectors, such as vectors for transforming plants 
or plant cells. The term "vector" in reference to nucleic acid molecule generally refers to a 
molecule that may be used to transfer a nucleic acid segment(s) from one cell to another. One 
of skill will recognize that after the nucleic acid is stably incorporated in transgenic piants and 
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confirmed to be operable, it can be introduced into other plants by sexual crossing. Any of a 
number of standard breeding techniques may be used, depending upon the species to be 
crossed. 

In various embodiments, the invention comprises plants transformed with the nucleic 
5 acids of the invention. In some embodiments, such plants will exhibit altered fatty acid 
content in one or more tissues. These aspects of the invention relate to all higher plants, 
including monocots and dicots. such as species from the genera Fragaria, Lotus, Medicago, 
Onobrychis, Triforium, Trigone lia, IVgna, Citrus, Linum. Geranium, Manihot, Caucus, 
Arabidopsis, Brass ica, Raphanus, Sinapis, Atropa, Capsicum, Hyoscyamus. Lycopersicon, 

10 Xicotiana, Solanum, Petunia, Digitalis, Majorana, Cichorium, Helianthus. Lactuca, Bromus. 
Asparagus \ Antirrhinum, Heterocatlis. Nemesia, Pelargonium, Panicum. Penniserum. 
Ranunculus, Senecio, Salpiglossis, Cucarnis. Browallia. Glycine, Lolium, Zea, Triticum, 
Sorghum, and Datura. Such plants may include maize, wheat, rice, barley, soybean, beans, 
rapeseed. canoia. alfalfa, flax, sunflower, cotton, clover, lettuce, tomato cucurbits, potato 

15 carrot, radish, pea lentils, cabbage, broccoli, brussel sprouts, peppers, apple, pear, peach. 

apricot, carnations and roses. More specifically, in alternative embodiments, plants for which 
the invention may be used in modifying fatty acid content include oil crops of the Cruciferae 
family: canoia, rapeseed (Brassica spp.), crambe (Crambe spp.j, honesty (Lunana spp.) 
lesquerella (Lesquerela spp.), and others; the Composirae family: sunflower (Helianthus 

20 spp.), safflower (Carthamus spp.), niger (Guizotia spp.) and others; the Palmae family: palm 
(Elaeis spp.), coconut (Cocos spp.) and others; the Leguminosae family: peanut (Arachis 
spp.). soybean {Glycine spp.) and others; and plants of other families such as maize (Zea spp. ). 
cotton [Gossvpiun sp. ), jojoba iSimonasia sp.), flax {Linum sp.), sesame {Sesamum spp. J, 
castor bean (Ricinus spp.), olive (Olea spp.), poppy (Papaver spp.), spurge (Euphorbia, spp.;. 

25 meadowfoam {Limnanthes spp.), mustard (Sinapis spp.) and cuphea (Cuphea spp.). 

Nucleic acids of the invention may also be used as a plant breeding tool, as molecular 
markers to aid in plant breeding programs. Such techniques would include using the gene 
itself as a molecular probe or using the DNA sequence to design PCR primers to use PCR 
based screening techniques in plant breeding programs. 

30 Deletion or insertion constructs may be useful for domain mapping to determine the 

functional domains or motifs of a transcriptional regulatory region derived from a FAE1 gene. 
An aspect of the invention is the construction and testing of such constructs, as described 
below for the 5' deletion construct of the A. thaliana FAE1 5 T region. One aspect of the 
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invention comprises transcriptional regulatory regions that are derived from functionally 
important regions of a FAE1 promoter. As outlined above, the functionally important regions 
of a FAE1 promoter may be determined through routine assays. Alternatively, randomly 
selected portions of a a FAE1 promoter may be selected for use in routine assays to determine 
5 whether the selected region is capable of functioning as a transcriptional regulatory region in 
the context of the present invention. In various embodiments, regions of the Arabidopsis 
thaliana, Brassica napus or Lunaria annua promoters may be used. For example, the 
following motifs in the A.t. FAE1 promoter may be used alone or in combination in novel 
transcriptional regulatory regions (see Figure 4): the CE-like elements (CE1 and CE3), the RY 

10 repeat motif, the G-boxes (G-boxl and G-box2). the A-300 box, the EMI ABA box. or the 
CTATTTTG element. Constructs of the invention comprising such motifs, deletions or 
insertions may be assayed for activity as transcriptional regulatory regions of the invention by 
testing for strong seed-specific activity providing expression of a sequence of interest (such as 
a reporter sequence ) before the torpedo stage and persisting throughout embryo development. 

15 in accordance with standard testing methods that may be adapted from the methods disclosed 



Alternative embodiments of the transcriptional regulatory regions of the invention may 

be identified using information available through NCBI databases at http://www.ncbi. nih.gov. 
In various embodiments, transcriptional regulatory regions derived from plant FA El 
20 genes are shown to be capable of directing expression of desired genes at an early stage of 

development in a seed-specific manner in disparate plant species. In particular embodiments. 

the transcriptional regulatory regions of the invention may be used in a wide variety of 

dicotyledonous plants for modification of the seed phenotype. For example, new seed 

phenotypes may include: 
25 (I) altered seed fatty acid composition or seed oil composition and accumulation 

(2) altered seed protein or carbohydrate composition or accumulation 

( 3) enhanced production of desirable endogenous seed products 

(4 ) suppression of production of undesirable gene products using antisense. co-suppression or 



30 (5) production of novel recombinant proteins for pharmaceutical, industrial or nutritional 



herein. 



ribozyme technologies 



purposes 



Isolation of a seed-snecific promoter from A. thaliana 
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Using the sequence information of the A. thaliana genome sequencing project, 
synthetic oiigonucletide primers were designed to amplify the FAE1 5" untranslated region, to 
isolate it by PCR. As shown in Figure 1, the upstream primer 5'- 
CTAGTAGATTGGTTGGTTGGTTTCC-3 " (AtproFW) in combination with the downstream 
5 primer 5 " -TGCTCTGTTTGTGTCGG AAAATAATGG-3 " (AtproRV) were used, and resulted 
in the synthesis of a fragment of the correct size (934 bp). The amplified product was 
subcloned in the Hindi site of the piasmid pT7T3-18U (Pharmacia) to produce piasmid 
pT7T3-18L7proFAE900. followed by complete sequence determination of both strands to 
verify the fragment identity. A BLAST search of the A. thaliana Database identified a single 
10 BAC clone T4L20 (GenBank ATF10M6) 125.179 bp long, which contains the complete 
FAE1 gene. 

Functional analysis of the FA EI 5' upstream region 

5' upstream fragments of the FAE1 gene were shown to confer seed-specific and 
temporally regulated gene expression in plants. A translational fusion was made between the 
15 FAE1 5' region and the coding region of the reporter gene p-glucuromdase (GUS). The 
chimeric gene (pFAE900-GUS or pFAE400-GUS) was transferred into Arabidopsis and 
tobacco and GUS activity was monitored in various tissue of transgenic plants. 

Construction of the vectors pFAE900-GUS and pFAE400-GUS. and transformation of 
Arabidopsis and tobacco, was as follows. The insert was cleaved out of pT7T3-18U vector 

20 with Hindlll and Xbal and directionally subcloned into the corresponding sites of the binary 
Ti piasmid pBHOl (Clontech), which contains a promoterless GUS gene (Jefferson et al. 
1987), to obtain the vector pFAE900-GUS. Another construct. pFAE400-GUS. containing 
only 393 bp of the 5* FAE1 region directly upstream of the ATG initiation codon fused to the 
GUS coding sequence was also generated. For that, the pT7T3-18U/proFAE900 vector was 

25 digested with BgUI and Pstl the sticky ends were filled in using T4 DNA polymerase, 
followed by re-ligation to obtain pT7T3-18U/proFAE400. The 393 bp 5" FAE1 upstream 
fragment was then excised with Hindlll and Xbal and cloned into the binary vector pBHOl to 
obtain the piasmid pFAE400-GUS. The pFAE400-GUS and pFAE900-GUS fusion constructs 
in pBHOl were introduced into Agrobacterium tumefaciens strain GV3101 (Koncz and 

30 Schell. 1986) by heat-shock and selected for resistance to kanamycin (50 ug'ml). A. thaliana 
(L.) Heynh. ecotype Columbia was transformed with the pFAE400-GUS and pFAE900-GUS 
constructs using floral dip method (Clough and Bent, 1998). Screening for transformed seed 
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was done on 50ug/mL kanamycin as described previously (Katavic et al.. 1994). 
Approximately 100 transgenic lines were generated for each construct. 

For transformation of tobacco. A, tume faciens harbouring the pFAE900-GUS construct 
was co-cultivated with leaf pieces of Nicotiana tabacum SRI and transformants were selected 
5 with kanamycin (100|ig/mL) on solid medium (Lee and Douglas. 1996). 

Histochemical localization of GUS activity and analysis of transgenic plants was as 
follows. Tissue sections were placed in 100 mM NaP0 4 (pH7) and 1 mM spermidine for 15 

min, then incubated at 37° C in 0.5 K 3 [Fe(CN) 6 ], 0.01 % Triton X-100, ImM EDTA. 10 mM 
P-mercaptoethanoL 5-bromo-4-chloro-3-indolyl-P-D-glucuronide in 100 mM NaP0 4 (pH7). 

10 until a blue color appeared (after approximately 1 hr). Following incubation with the substrate, 
chlorophyll was removed from the sections using a graded ethanol series. 

Using this assay, five independent transgenic Arabidopsis lines were examined for the 
embryo-specific expression of the GUS gene. In addition, leaf, stem and siliques were 
histochemicaily stained for P-glucuronidase activity. The results indicate that the reporter 

15 gene fused to the transcriptional regulatory region of the invention is not expressed in 
vegetative tissues, whereas it is highly expressed in developing seeds (embryos). Both the 934 
bp and the 393 bp transcriptional regulatory regions derived from the A J. FAE1 gene caused 
the appearance of GUS activity by the torpedo stage embryo (6 days after flowering). GUS 
activity in all five lines persisted throughout subsequent embryo development. 

20 Leaves, stems, pods and seeds of three regenerated tobacco lines transformed with the 

pFAE900-GUS construct were also assayed for P-glucuronidase activity. The results obtained 
indicate that the 934 bp FAE1 promoter fragment contains sufficient information to direct 
seed-specific expression of a reporter gene in transgenic tobacco. Thus the transcriptional 
regulatory regions of the invention may be used for seed-specific expression of foreign genes 

25 in transgenic plants. 

The in vivo activity of a FAE1 promoter of the invention was compared to the activity 
of the napin promoter by expressing the castor bean hydroxylase gene FAH12 (Broun and 
Somerville. 1997) behind either the FAE1 -promoter (a transcriptional regulatory region of 
approximately 1 kb) or the napin promoter in an Arabidopsis fad2/fael double mutant. This 

30 mutant accumulates as a proportion of fatty acids about 85% of the 18:1 acyl group, which is 
the substrate for the hydroxylase. The levels of hydroxylated fatty acids accumulating in a 
large number of independent transgenic lines were used to estimate the relative strength of 
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each promoter. As shown in Figure 6. the two populations of transgenic plants accumulated 
levels of hydroxylated fatty acids, ranging from 0.2% to about 11-12% of total fatty acids, 
with the levels being on average slightly higher in FAE1-FAH12 lines. Similarly, the best 
FAE1-FAH12 plant accumulated just over 12% of hydroxylated fatty acids (\v/w of total FAs), 
5 whereas the best napin-FAH12 plant produced 10.8% of hydroxylated fatty acids (w/w of total 
FAs). These results indicate that the FAE1 promoter is highly active in transgenic Arabidopsis 
and that its in vivo activity may be superior to napin in Arabidopsis seeds. 

Sequence elements or motifs that confer both tissue specificity and developmental 
regulation of transcription reside within 393 bp of the AUG translation initiation codon in the 
10 A. t. FAE1 gene. The seed-specific expression conferred by the transcriptional regulatory 
regions of the invention is independent of the native terminator of the FAE1 gene 3' end. For 
example, in the exemplified constructs disclosed herein, a terminator derived from the 
Agrobacterium nopaline synthase gene was used. 

Lunaria annua and Brassica nanus FAE1 5 Veguiatorv regions 

15 Two sequences originating from B. napus and L. annua were isolated and 

characterized to demonstrate that regulatory regions conferring seed-specific transcription 
early in embryo development can also be found upstream of other plant FAE1 genes. 
Sequences were cloned using the technique of polymerase chain reaction (PCR) walking on 
uncloned plant genomic DNA (Devic et al., 1997). Approximately 5 jag of genomic DNA 

20 from 1 g of fresh tissue was used for the construction of 5 different libraries by digesting DNA 
with a series of enzymes that produce blunt end fragments to which special adaptors are 
ligated. The adaptor molecules consist of a long upper strand, which contains successive 
sequences common to the adaptor primers. API and AP2. annealed at its 3' end to a shorter 
strand lacking the API sequence. However, this short strand posseses an amine group at its 3* 

25 end to prevent filling in by the DNA polymerses during the first PCR amplification step and 
generation of the API binding site. This suppression PCR effect prevents exponential 
amplification of molecules containing the adaptor at each end. and the adaptor pnmer binding 
sites are only produced when a strand complementary to the upper strand of the adaptor is 
synthesized by extension from a gene specific primer. The first PCR reaction is performed 

30 using an adaptor primer API and a gene specific pnmer. An aliquot of the first PCR product is 
used a template in a second PCR amplification using the nested gene specific primer and AP2. 

In order to isolate the regulatory- regions upstream of the B. napus FAE1 coding 
sequence, genomic DNA was prepared from developing leaves and digested with 5 blunt-end 
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cutting restriction enzymes {Oral EcoRV, HpaL PvuII and ScaD to generate a series of DN A 
libraries. After ligation of adapter molecules, individual libraries were used as templates in a 
two step PCR. In the first PCR amplification using the API primer 5'- 
GGATCCTAATACGACTCACTATAGGGC-3 ' and the FAE1 gene specific primer 5'- 
5 AAAGAGTGGAGCGATGGTTATGAGG-3* (Bnwalkl). multiple DNA fragments were 
amplified from all five library templates. After a second round of PCR. using the AP2 primer 
S'-CTATAGGGCTCGAGCGGC-j' and the nested FAEI specific primer 5'- 
CGGAAAGAAGC AAAGGTTGAAAAGG-3 ' (Bnwalk2), the longest single fragment of 1.6 
kb was obtained from the Hpal library template. This fragment was inserted into the pCRZ.l 

1 0 plasmid ( Invitrogen > and sequenced. The sequence is shown in Figure 2. 

For the PCR walking experiment to isolate the L. annua 5* regulatory region, in 
adition to the standard API and AP2 primers, the following FAE1 specific primers were used: 
5 , -GATCGTTTGTGGTAAG ACGAG AGC-3 ' (Lawalk 1 ) and 5 ' - 

GTC AGTGGGAAG AAAC AG AGGTTG-3 ' (Lawalk2). In the first PCR reaction, the Oral 

15 EcoRV, PvuII. Seal and Sspl library templates were used. In a second PCR amplification the 
longest single fragment 1.1 kb in length was synthesized using the EcoRV library template. 
This fragment was inserted into the Hindi site of the pT7T3-18U vector (Promega), 
sequenced on both strands and analyzed (Figure 3). 

Using the sequence data obtained for the 5' regulatory regions generated by PCR 

20 walking, specific primers were generated for the amplification of the L. annua and B. napus 
FAE1 promoter fragments. For the PCR-amplification of B. napus promoter fragment the 
upstream primer was 5 " -CTGACTTC ACC AAAG AA AC A ACTCG-3 * (BnproFW) in 
combination with the downstream primer 5"-CGGAATTCCGTTTTTTTTTTTAGGCG-3' 
(BnproRVV The synthesized fragment was ligated into the Smal site of pGEM-7Zf 

25 (Promega), then excised with Xbal/BamHI and cloned into the equivalent sites of the pBIIOl 
binary vector (Clontech). L. annua 5" regulatory region was amplified using the 5'- 
CAGCTTAACCGGTAAAA7TGGCC-3 , (LaproFWO upstream primer together with the 5*- 
TGTTCAGT 1 1 I GTGTCGGAGAGG-3" (LaproRV) downstream primer and inserted in the 
Hindi site of pT7T3-18U (Promega) plasmid. In order to clone the E annua promoter 

30 fragment into the pBIIOl binary vector, an Xbal site was added by subcloning the Pstl/Kpnl 
fragment released from the pT7T3-18U vector into pBIuescript II KS- (Stratagene). The 
fragment was then excised and cloned in the Xbal site of the pBIl 01 vector. 
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The resulting vectors pBnFAEl-GUS and pLaFAEl-GUS in pBHOl were then 
introduced into A. tumefaciens strain GV3101 by heat-shock, and used to transform 
Arabidopsis as described above. Transformants were selected on agar-solidified medium 
containing kanamycin (50 j^g/ml). More than 100 transformants were generated for each 
construct. The activity of the L, annua and B. napus FAE1 promoters was determined by GUS 
expression assays on the developing seeds and also on non-reproductive plant tissues as 
controls. Consistent seed-specific GUS expression was obtained for both promoter constructs 
in independent transgenic lines. In contrast, there was no detectable GUS activity in leaf, stem 
and silique samples. 
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WHAT IS CLAIMED IS: 



10 



A recombinant nucleic acid molecule comprising a heterologous promoter sequence 
operably linked to a nucleic acid sequence, wherein the promoter sequence comprises 
a transcriptional regulatory' region capable of mediating seed-specific expression in 
Arabidopsis wherein the transcriptional regulatory region: 

(a) is obtainable from a 5 f region of a plant FAE1 gene; or 

(b) hybridizes under stringent conditions to the 5' region of the plant FAE1 gene; 
or 

(c) is at least 70% identical when optimally aligned to the 5 f region of the plant 
FAE1 gene. 



20 



The recombinant nucleic acid of claim 1 wherein the 5' region of the plant FAE1 gene 
comprises (5 f to 3'): 

CACATTCCCT 
AAAAATAATG 
TAAAGGAAGA 
AATTTTCCAT 
TATTTTGCTA 
GTATGGATGC 
AAACGTAACG 
CCATTA 



AGA 

ATCATAGTTT 
TGTAGACTTT 
TATTTTAAGT 
TATATATTTC 
CTACTACTTT 
GTCTAAATGC 



TCTAAGAACA 
AGCACAATTC 
TTTTTGGCGT 
GGAAAACCGA 
TGCAATGTAC 
ATTACAATGT 
ATGCTTTGCA 



GCAAATACA7 CTCATAGCTT 



CAAA7TTTAA 
TAG TAT T AAA 
CTAAGTTTAT 
CGAAATATAT 
TTTTGGCAAC 
ATGAGTTTGA C 
GACCACAAAA C 
TTTCCGACAC AAACAGAuL.ri 



TGCACATGTA 
GACAGAAATT 
ACGTACATTT 
GAATTTAGTA 
TTTCAGTGGA 
GTATACACAT 
GAGGATCCAT 



25 



The recombinant nucleic acid of claim 1 wherein the 5' region of the plant FAE1 gene 
comprises (5* to 3'): 

AAGGCTTACC CTATTAGTTG AAAGTTGAAA CTTTGTTCCC TACTCAATTC 
CTAGTTGTGT AAATGTATGT ATATGTAATG CGTATAAAAC GTAGTACTTA 
AATGAGTAGG AGTGGTTCTT GAGACCGATG AGAGATGGGA GCAGAACTAA 
AGATGATGAC ATAATTAAGA ACGAATTTGA AAGGCTCTTA GGTTTGAATC 
CTATTCGAGA ATGTTTTTGT CAAAGATAGT GGCGATTTTG AACCAAAGAA 
AACATTTAAA AAAT C AG T AT CCGGTTACGT T CAT GC AAA T AGAAAGTGGT 
CTAGGATCTG ATTGTAATTT TAGACTTAAA GAGTCTCTTA AGATTCAATC 
CTGGCTGTGT ACAAAACTAC AAATAATATA TTTTAGACTA TTTGGCCTTA 
ACTAAACTTC CAC ^Lrti * AT TTACTGAGGT T AGAGAA 1A0 A C T T G ^— GAAT 
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C C G AG AAA T A 


C T CAT GAT C C 










wACrt- TCCw * 


• -w ■w ti i~r> i-n r-p ryi ti y\ 

^-n^n, ^ - j. +—~r\ 


T G CAC AT GT A 






t\ "n ^ iv n 7^ 7* rn>— 

r-LrtAA-ri x x Lj 


^ iftil AAA 


^— ^ -»v ^- -n ?\ 7\T"V 




*T1 fT^ *T! *T* ^ m Ti 




0 * AAGTT x. AT 


ti r>nri^ ^ 7r m T»T' 


TATTTTAAGT 


GGAAAACCGA 


AATTTTCCAT 


C G AAAT AT AT 


ortnl » xn(ji.-rt. 




TGCAATGTAC 


m »-r» m rr» ,r-« /— » m 


TTTTGGCAAC 


~ x x L-rtvj x 0 Irrt 


CTACTACTTT 


ATTACAATGT 


GTAT G G AT GC 


ACuAGTTTGA 


oT AT AC AC AT 


GTCTAAATGC 


ATGCTTTGCA 


AAAC G T AAC G 


GAC C AC AAAA. 


0 A G G A T C C A T 


GCAAATACAT 


CTCATAGCTT 


C CT C C ATT A.T 


TTTCCGACAC 


AAA C A G A G C A 
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4. The recombinant nucleic acid of claim 1 wherein the 5' region of the plant FAE1 gene 
comprises ( 5' to 3'): 







CTGACTTC 


A C C AAA G AAA 


CAACTCGAGT 


CGTTATCCAT 




CTCCTCATAA 




rtC :CTi x'o^l- 


_ x ^rtC^-o a - * 




15 


TCTCTACATC 


o^AACC^ GGC 


CCAAACCGGT 




GAGTACTCAT 




GCTACCTTCC 


ACCAACGCAT 


TGTAGATCAA 


GTATCTCCAA 


GGTCATGGAT 




ATCTTTTATC 


AAGTAAGAAA 


AGCTGATCCT 


TCTCGGAACG 


GCACGTGCGA 




TGACTCGTCG 


TGGCTTGACT 


TCTTGAGGAA 


GATTCAAGAA 


CGTTCAGGTC 




TAGGCGATGA 


AACTCACGGG 


CCCGAGGGGC 


TGCTTCAGGT 


CZCTCCCCGG 


20 


AAGACTTTTG 




TGAAGAGACG 


GAGCAAGTTA 


TCATTGGTGC 




GCTAGAAAAT 


CTATTCAAGA 


ACACCAACGT 


TAACCCTAAA 


GATATAGGTA 




TACTTGTGGT 


GAACTCAAGC 


ATGTTTAATC 


CAACTCCATC 


GCTCTCCGCG 




ATGGTCGTTA 


ACACTTTCAA 


GCTCCGAAGC 


AACGTAAGAA 


GCTTTAACCT 




TGGT GGC AT G 


GGTTGTAGTG 


CCGGCGT TAT 


AG C C ATT GAT 


CTAGCAAAGG 


25 






A-rt. x rt w o^mo 








AACATCACTT 


ATAACATTTA 


CG^TGGTGr^T 


AATAGGTCCA 


TGATGGTTTC 




AAATTGCTTG 


TTCCGTGTTG 


GTGGGGCCGC 


i.^i X 1 * O^, i ^ 


TCCAACAAGC 




CTGGAGATCG 


TAGACGGTCC 


AAGTACGAGC 


TAGTTCACAC 


GGTTCGAACG 




CATACCGGAG 


CTGACGACAA 


GTCTTTTCGT 


TGCGTGCAAC 


AAGGAGACGA 


30 


TGAGAACGGC 


AAAATCGGAG 


TGAGTTTGTC 


CAAGGACATA 


ACCGATGTTG 




CTGGTCGAAC 


GGTTAAGAAA 


AACATAGCAA 


CGTTGGGTCC 


GTTGATTCTT 




CCGTTAAGCG 


AGAAACTTCT 


TTTTTTCGTT 


ACCTTCATGG 


GCAAGAAACT 




TTTCAAAGAT 


AAAAT C AAA C 


ATTACTACGT 


w ^.uun X * - ^, 


AAACTTGCTA 




TTGACCATTT 


TTGTATACAT 


GCCGGAGGCA 


GAG C C G T GAT 


TGATGTGCTA 


35 


GAGAAGAACC 


TAGCCCTAGC 


AC C GAT C GAT 


GTAGAGGCAT 


C AAGAT C AAC 




GTTACATAGA 


TTTGGAAACA 


CTTCATCTAG 


CT C AAT AT GG 


TATGAGTTGG 
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- ^ - ^ C ATA G A AGCAAAAGGA AGGATGAAGA AAGGTr 



AAACAATGTC AAAGGTTGGA CAAATAGTCC TTGGGAACAC TGCATCGACA 

GATACCCGGT GAAAATTGAT TCTGATTCAG GTAAGTCAGA GACTCGTGTC 

CAAAACGGTC GGTCCTAATA AACGATGTTT GCTCTCTTTC GTTTCTTTTT 

ATTTGTTATA ATAATTTGAT GGCTACGATG TTTCTCTTGT TTGTTATGAA 

TAAAGAATGC AATGGTGTTC TAG TAT T T G A TTGTTTTACA TGTATGTATC 

TCTTATTTAC ATGAAATTTT TAAACGGCTA AAAAAAAAAA CGGAATTCCG. 



The recombinant nucleic acid of claim 1 wherein the 5' region of the plant FAE1 gene 
comprises (5* to 3'): 









CAGCTTAAC 


CGGTAAAATT 


GGCCT GTACA 


TATATTTACC 


ACTGAGTAAA 


GACATCAGTT 


AATGATTTGT 


TGTTACTCAA 


TTGGGCTAAG 


TGTATTATTA 


i-nxGxwj. x u x 


n x rtTriA. x AAA 


GG T AG AAC GT 


AAAT T T AC T A 


AGAATGTGTT 


TTTCCAATGT 


GATTGCTCTT 


iGGCux V* T/-i 


^Ui i 1 ^j/iA X ^_ 


CTACTCGAGA 


AGACTAATTT 


TAATTTACTG 


GCAAAAATAG 


AAATCAATTT 


ATAAGTGTTT 


AAACAAATCG 


ATGGTATAAC 


TGATTAGTGA 


TCACTCTTAG 


GTTTTGATCC 


AACTCGAGTA 


TTGAGTATTG 


AACGCTTTTT 


TTAAATAAAA 


TCTTGATTTT 


TAAATTGGTT 


TTTTGAGTAA 


AAAAGTTCTT 




CTTTGTTTTA 


ATGGGTTTGT 


TTTGCATTTT 


ATAAGCTTAA 


TTTTTCTAAT 


TTAATATTTT 


ATCTATCATC 


GTCCGTAAAG 


TTTTATTTGG 


CACAAACTTG 


TTTTACTTTT 


CTACCTTATA 


ATTTGGGAAC 


TGGTTGAGTC 


AAAGCGTACC 


G GAC AAAT AT 


GTTTTATATT 


CTTATTTAAG 




^hiCiLfti rvA 




j. AGvjo^oA 


X * -Ao^L i 


^ AAT G C T AAC 


AAC AAAAT T C 


TCTTAATGAT 


C T AAC GAT GC 


T ATTT AATAT 


TCGGATCAGT 


AT T C T T AAA T 


AAGAATATAA 


aaL j. x x 


ATAGTTACAG 


ATAAAAACTT 


AT AT AG AC TT 


TTTTATTTGG 




mi v-Ar* x ATA 


TTATAGACAA 


rT> "»\ rp •**"• rT " 1 ^ H"* ■B -»i 

1 1 X ^ t\ X jMl^L 


GTTAAAAATA 


CAATATTTAT 


ATTTTTTATA 


TATTTATTTC 


AAATTGAAAA 


GCATTACTTC 


TATCGAAATG 


AATTTTAGTA 


TATTAATTAA 


TATTTTTTTA 


ATCGGACTAC 


TTTCCTATTT 


TGGCACCTTT 


CATCTGACTA 


rri -f\ (Jim «T"t rw* m 

L. x rs-rt, 1 I irtl * 


TCAATGTGTA 


TGCATGCATG 


AG CAT GAG T A 


ATACACATGT 


C TAT AT AAAT 


GCATGTAAAA 


CGTAACGGAC 


CACAAAAGTG 


GAT C CAT AC A 


AA T A C A T C T C 


AT C G C AC C C T 


»^» t< ^ r--,'— /-*■■*. 


AAACTGAACA . 
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The recombinant nucleic acid of claim 1 wherein the promoter sequence is selected 
from the group consisting of Arabidopsis lhaliana. Lunar ia annua and Brassica napus 
FAE1 promoter sequences. 

The recombinant nucleic acid of any one of claims 1 through 6, wherein the 
transcriptional regulatory region is at least 70% identical when optimally aligned to 
the 5' region of the plant FAE1 gene.. 



The recombinant nucleic acid of c 
comprises (5' to 3'): 

AGA TCTAAGAACA 



laim 1 wherein the transcriptional regulatory region 



ATCATAGTTT 
TGTAGACTTT 
TATTTTAAGT 
TATATATTTC 
CTACTACTTT 
GTCTAAATGC 



AGCACAATTC 

TTTTTGGCG7 

GGAAAAC 

TGCAA X o x 

ATTACAATGT 

ATGCTTTGCA 



CACATTCCCT 
AAAAATAATG 
TAAAG 

AATTTTCCAT 
TAT7TTGCTA 
GTATGGATGC 
AAACGTAACG 



CAAATTTTAA 
TAGTATTAAA 
CTAAGTTTAT 
CG AAA TAT AT 
TTTTGGCAAC 
ATGAGTTTGA 
GACCACAAAA 



TGCACATGTA 
G AC AG AAAT T 
ACGTACATTT 
GAATT7AGTA 
TTTCAGTGGA 
GTATACACAT 
GAGGATCCAT 



GCAAATACAT CTCATAGCTT CCTCCATTAT TTTCCGACAC AAACAGAGCA . 



20 



2:> 
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The recombinant nucleic acid of claim 1 wherein the transcriptional regulatory region 
comprises (5* to 3'): 



35 



CTAGTTGTGT 
AAT 

AGATGATGAC 
CTATTCGAGA 
AACATTTAAA 
CTAGGATCTG 
CTGGCTGTGT 
ACTAAACTTC 
AAACACATTC 
GCCAATCAGA 
ATCATAGTTT 
TGTAGACTTT 



CTATTAGTT G 
AAAT G T AT G T 
AGTGGTTCTT 
ATAATTAAGA 
ATGTTTTTGT 
AAATCAGTAT 
ATTGTAATTT 
ACAAAACTAC 
^ A 'w T AT TAT 
C C G AGAAAT A 
TCTAAGAACA 
AG C AC AAT T C 



ATATGTAATG 
G AGAC C GAT G 
ACGAATTTGA 
CAAAGATAGT 
CCGGTTACGT 
T A G AC T T AAA 



- * * x X UOLU j 



AAAT AAT A T A 
TTAC 

Ti T\ T~i 

^~ * x un * ^ -w 

CACATTCCCT 
AAAAATAATG 
TAAAG 



CGTATAAAAC GTAGTACTTA 
nGAGAT G GGA GCAGAACTAA 
AAGGCTCTTA GGTTTGAATC 
-jGCGATTTTG AACCAAAGAA 
TCATGCAAAT AGAAAGTGGT 
GAGTCTCTTA AGATTCAATC 

m m T1 t\ j*-* m m ri"t fT* rn Ti 

- - - x n>jrtL x i i iuu^^i In 
Tnortonn x Avj nLi i ^_ urtn ± 



CATAATTAGT C AGAGGGTAT 
CAAATTTTAA TGCACATGTA 
TAGTATTAAA GACAGAAATT 
CTAAGTTTAT ACGTACATTT 
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TATTTTAAGT G G AAAA C C G A AA.TTTTCGAT GGAAATATA.T GAA*TTTAGTA 
^ AT ATA * TT C TGGAATGTAC TATTTTGGTA TTTTGGGAAC TTTGAGTGGA 
CTACTAGTTT ATTACAATGT GTATGGATGC ATGAGTTTGA GTATACACAT 
GTCTAAATGG ATGCTTTGCA AAACGTAACG GACCACAAAA GAGGATGCAT 
GCAAATAGAT CTGATAGCTT CGTCGATTAT TTTCCGACAC AAACAGAGGA. 



10. The recombinant nucleic acid of claim 1 wherein the transcriptional regulatory region 
compnses (5* to 3'): 
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CTGACTTG ACCAAAG AAA GAACTGGAGT GGTTATCCAT 
CTCCTGATAA CCATCGCTCC ACTCTTTGGC TTCACCGTTT TCGGTTCGGT 
TCTCTACATG GCAACCCGGC CCAAACGGGT TTACCTCGTT GAGTAGTCAT 
GGTACCTTGC AGCAACGGAT TGTAGATCAA GTATGTGGAA GGTGATGGAT 

15 ATCTTTTATG AAGTAAGAAA AGCTGATCGT TCTCGGAACG GGAGGTGGGA 

TGACTCGTGG TGGCTTGACT TGTTGAGGAA GATTGAAGAA CGTTCAGGTG 
TAGGCGATGA AACTCACGGG CGCGAGGGGC TGGTTCAGGT GCCTZZCCGG 
AAGACTTTTG CGGCGGCGCG TGAAGAGACG GAGCAAGTTA TGATTGGTGC 
GCTAGAAAAT CTATTCAAGA ACACCAACGT TAACCCTAAA GATATAGGTA 

20 TACTTGTGGT GAACTCAAGC ATGTTTAATC CAACTCGATC GGTGTCGGGG 

ATGGTGGTTA ACACTTTGAA GCTCCGAAGC AACGTAAGAA GGTTTAACCT 
TGGTGGCATG GGTTGTAGTG GCGGCGTTAT AGCCATTGAT CTAGCAAAGG 
ACTTGTTGCA TGTCGATAAA AATACGTATG CTCTTGTGGT GAGCAGAGAG 
AACATCAGTT ATAACATTTA CGGTGGTGAT AATAGGTGGA TGATGGTTTG 

—5 AAATiuv-Tio iT^-woTGTTG GTGGGGZZGZ TATTTTGGTG TGGAAGAAGG 

GTGG^GAi'ww TAGACGGTCG AAGTAGGAGG TAGTT GACAC GGTTCGAACG 
CATACCG^jAG GT GAG G AC AA GTCTTTTCGT TGCGTGCAAC AA.GGAGACGA 
TGAGAACGGC AAAATGGGAG TGAGTTTGTC CAAGGACATA ACCGATGTTG 
CTGGTCGAAC GGTTAAGAAA AACATAGCAA CGTTGGGTCC GTTGATTCTT 

30 CCGTTAAGCG AGAAACTTCT TTTTTTCGTT ACCTTCATGG GCAAGAAACT 

TTTCAAAGAT AAAATCAAAC ATTACTACGT GCCGGATTTC AAACTTGCTA 
TTGACCATTT TTGTATACAT GCCGGAGGCA GAGCGGTGAT TGATGTGCTA 
GAGAAGAACG TAGGCCTAGC ACCGATCGAT GTAGAGGGAT CAAGATCAAC 
GTTACATAGA TTTGGAAACA CTTCATCTAG CTCAATATGG TATGAGTTGG 

35 CATACATAGA AGCAAAAGGA AGGATGAAGA AAGGTAATAA AGTTTGGCAG 

ATTGCTTTAG GGTCAGGCTT TAAGTGTAAC AGTGGAGTTT GGGTGGCTCT 
AAACAATGTG AAAG C T T G G A CAAATAGTCG TTGGGAAGAG TGCATGGACA 
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o A iACCw'»j\ji. w AAA-AT T GAT T C * G*~iT T GAG G T AAG T G A G A GnC T G G T G T C 

w AAAAlC G G T G oGTCGTAATA AAGGA.TGTTT GCTGTCTTTC GTTTGTTTTT 

ATTTGTTATA. ATAATTTGAT GGCTACGATG TTTGTCTTGT TTGTTATGAA 

TAAAGAATGG AATGGTGTTG TAGTATTTGA TTGTTTTAGA TGTATGTATG 

TGTTATTTAC ATGAAATTTT TAAACGGCTA AAAAAAAAAA GGGAATTGGG. 



1 1. The recombinant nucleic acid of claim 1 wherein the transcriptional regulatory region 
comprises (5* to 3'): 









CAGCTTAAG 


CGGTAAAATT 


GGCCTGTACA 


TATATTTACC 


AGTGAGTAAA 


GACATCAGTT 


AATGATTTGT 


TGTTAGTGAA 


TTGGGCTAAG 


TGTATTATTA 


TATGTGTTGT 


A TAT AAT AAA 


GGTAGAACGT 


t *n T rrl rri T 1 


AGAATGTGTT 


TTTCGAATGT 


x T G T ^ T T 


7GGCCTCTTA 


x 1 x Urtrt 1 w 


CTACTCGAGA 


A^ACTAATTT 


TAATTTACTG 


GCAAAAATAG 


AAATCAATTT 


ATAAGTGTTT 


AAACAAAT CG 


ATGGTATAAC 


j. um x x \j n 


X -ii X X X rtO 


o x x x x o.rt i o 




x x <jr\<j x nl 1 o 


AACGCTTTTT 


TTAAATAAAA 


TCTTGATTTT 


TAAATTGGTT 


TTTTGAGTAA 


AAAAGTTGTT 


AATATTTTCT 


CTTTGTTTTA 


ATGGGTTTGT 


TTTGCATTTT 


ATAAGCTTAA 


TTTTTGTAAT 


TTAATATTTT 


ATCTATCATC 


GTCGGTAAAG 


TTTTATTTGG 


CACAAACTTG 






ATTTGGGAAC 


TGGTTGAGTG 


AAAGCGTACC 


GGACAAATAT 


GTTTTATATT 


CTTATTTAAG 


AAT T AJ\ G A G 7 


CATCTGATAA 


TTAGTGAGAG 


GCTAGGGAGA 


T TG AG GG AAT 


CAATGCTAAG 


AAC AAAAT T C 


T GTT AATG AT 


GTAACGATGC 


TATTTAATAT 


~ »-GGAi CAGT 


ATTCTTAAAT 


**-iA G AAT A T *~iA 


AAGTAATTCA 


ATAGTT A G A G 




ATATAGACTT 


TTTTATTTGG 


AA T AT AAAA G 


TAT G AAT AT A 


TTATAGACAA 


TATTTATAAC 


GTTAAAAATA 


CAATATTTAT 


ATTTTTTATA 




AAA T T G AAAA 


GGATTAGTTG 


T A T C G AAA T G 


r-s-rA x x * * no x n 


TATTAATTAA 


TATTTTTTTA 


AT ^ uu Au TrtC 


^ x x i AT x * 


x ooCrt.^ s_ x 1 * 


CATCTGACTA 


GTAATTTATT 


TGAATGTGTA 


TGGATGGATG 


AGGATGAGTA 


ATAGAGATGT 


CTATATAAAT 


GCATGTAAAA 


GGTAACGGAG 


CACAAAAGTG 


GATGGATACA 


AATACATCTC 


ATCGCACCGT 


GTGCGACACA 


AAA C T G AAC A . 



12. The recombinant nucleic acid of any one of claims 1 through 1 1 wherein the nucleic 
35 acid sequence encodes a translatable mRNA. 
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13. The recombinant nucleic acid of claim 12 wherein the nucleic acid sequence encodes 
an enzyme involved in lipid metabolism. 

14. The recombinant nucleic acid of any one of claims 1 through 13. further comprising a 
5 transcription termination region operably linked to the nucleic acid sequence. 

15. A host cell comprising the recombinant nucleic acid of any one of claims 1 through 14. 

16. The host cell of claim 15. wherein the host cell is of a dicotyledonous plant species. 

10 

17. A plant comprising the recombinant nucleic acid of any one of claims 1 through 14. 

18. The plant of claim 17. wherein the plant is of a dicotyledonous plant species. 

15 19. A method of altering the phenotype of a seed comprising: 

a) transforming a seed-bearing plant, or a progenitor of the seed-bearing plant, 
with a vector comprising the nucleic acid of any one of claims 1 through 14: 

b) growing the seed-bearing plant to obtain seed under conditions wherein the 
nucleic acid sequence is expressed during embryogenesis under the control of 

20 the transcriptional regulatory region to alter the phenotype of the seed. 

20. A method of transforming a plant cell comprising transforming the plant cell with the 
recombinant nucleic acid of anv one of claims 1 throuch 14. 



25 
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Figure 1. Arabidopsis th a Liana FAE1 promoter: 

(Length: 934 bp) 



-5 50 ACTCA T AAAAA C TAG TAGATTGGTT GGTTGGTTTC C ATGTACCAG 

AtproFW 

-900 AAGGCTTACC CTATTAGTTG AAAGTTGAAA CTTTGTTCCC TACTGAATTC 

-3 50 CTAGTTGTGT AAATGTATGT ATATGTAATG CGTATAAAAC GTAGTACTTA 

-3 00 AATGACTAGG AGTGGTTCTT GAGACCGATG AGAGATGGGA GCAGAACTAA 

-7 50 AG AT GAT G AC ATAATTAAGA ACGAATTTGA AAGGCTCTTA GGTTTGAATC 

-7 00 C TAT TC GAGA ATGTTTTTGT C AAA GAT A G T GGCGATTTTG AA C C AAA G AA 

-6 50 AAC AT T T AAA AAATCAGTAT CCGGTTACGT TCATGCAAAT AGAAAGTGGT 

-60 0 CTAGGATCTG ATTGTAATTT TAGACTTAAA GAGTCTCTTA AGATTCAATC 

-5 50 CTGGCTGTGT AC AAAAC TAC AAAT AA T AT A TTTTAGACTA TTTGGCCTTA 

-5 00 ACTAAACTTC CACTCATTAT TTACTGAGGT TAGAGAATAG ACTTGCGAAT 

-4 50 AAACACATTC CCGAGAAATA CTCATGATCC CATAATTAGT CAGAGGGTAT 

-4 00 GCCAATCAGA TCTAAGAACA CACATTCCCT CAAATTTTAA TGCACATGTA 

-350 ATCATAGTTT AGCACAATTC AAAAATAATG T AG TAT T AAA GACAGAAATT 

-300 TGTAGACTTT TTTTTGGCGT TAAAGGAAGA CTAAGTTTAT ACGTACATTT 

-250 TATTTTAAGT GGAAAACCGA AATTTTCCAT C G AAA T A TAT GAATTTAGTA 

-2 0 0 TATATATTTC TGCAATGTAC TATTTTGCTA TTTTGGCAAC TTTCAGTGGA 

-i50 C ^ AC TACT T T ATTACAATGT GTATGGATGC ATGAGTTTGA GTATACA.CAT 

-100 GTCTAAATGC ATGCTTTGCA AAACGTAACG G A C C A C AAAA GAGGATCCAT 

-50 GCAAATACAT CTCATAGCTT CCT CCATTAT TTTCCGACAC AAA C A G A G C A 

^" AtproRV 

l\ ATGIACGTCCG T T AA C G T T AA GCTCCZ:^ 
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Figure 2. Brassica nap us FAE1 promoter: 

(Length: 1588 bp) 

-1600 GG7TGGGCAA AT CTGACTTC ACCAAAGAAA CAACTCG AGT CG77A7GCA7 

BnproFW 

-1550 C7CC7CA7AA CGA7CGC7GG AC7C777GCC 77GACGG777 7GGG77GGG7 
-1500 TC7C7ACA7C GGAACCGGGG CCAAACCGG7 77ACG7GG77 GAG7AC7GA7 
-1450 GC7ACC77CC AGCAACGGA7 7G7AGA7CAA G7A7C7CCAA GG7CA7GGA7 
-1400 A7G7777A7C AAG7AAGAAA AGG7GA7CC7 7G7GGGAACG GCACG7GCGA 
-1350 7GAC7CG7GG 7GGC77GAC7 7C77GAGGAA GA77CAAGAA CG77CAGG7C 
-1300 7AGGCGA7GA AAC7CAGGGG CCZGAGGGGC 7GG77CAGG7 CCCTCCCCGG 
-12 50 AAGAC7777G ZGGCGGCGZG 7GAAGAGAGG GAGCAAG77A 7CA77GG7GC 
-1200 G G 7 AG AAAA7 C7A77CAAGA ACACCAACG7 7AACGG7AAA GA7A7AGG7A 
-1150 7AC77G7GG7 GAAC7CAAGG A7G777AA7C CAAC7CCA7C GG7C7CCGCG 
-110 0 A7GG7GG77A ACAC777CAA GC7CCGAAGC AAGG7AAGAA GC7T7AACG7 
-1050 7GG7GGGA7G GG77G7AG7G CGGGGG77A7 AGCCA77GA7 C7AGCAAAGG 
-1000 AC77G77GGA 7G7CGA7AAA AA7ACG7A7G CTCTTGTGGT GAGCAGAGAG 
-950 AACA7CAC77 A7AACA777A CGC7GG7GA7 AA7AGG7GCA 7GA7GG777C 
-900 AAA77GG77G 77CCG7G77G G7GGGGGGGC 7A7777GG7C 7GGAACAAGC 
-3 50 C7GGAGA7GG 7AGACGG7C Z AAG7ACGAGC 7AG77CACAC GG77CGAACG 
— 8 00 •hiACCGuf.'j G7GACGAGAA G7G7777CG7 7GGG7GGAAC AA.GGAGAGGA 
-7 50 7GAGAACGGG AAAA7CGGAG 7GAG777G7C CAAGGACA7A ACGGA7G77G 
-700 C7GG7CGAAG GG77AAGAAA AACA7AGCAA GG77GGG7GG G77GA77G77 
-650 CCG77AAGGG AGAAAG77G7 777777CG77 AGG77GA7GG GGAAGAAAC7 
-600 777CAAAGA7 AAAA7GAAAC A77AC7AGG7 GGCGGA777G AAAC77GG7A 
-550 77GACCA777 77G7A7AGA7 GCGGGAGGGA GAGGCG7GA7 7GA7G7GG7A 
-50 0 GAGAAGAAGG 7 AG GGG7AGC ACGGA7CGA7 G7AGAGGGA7 CAAGA7CAAC 
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Figure 2 Continued Brassica napus FAE1 promoter: 

"450 G T T AC AT A G A TTTGGAAACA C T T C A T C T AG CT C AAT AT GG TATGA.GTTGG 

—4 00 CAT AC AT AG A AGCAAAAGGA AGGATGAAGA AA G G T AAT AA AGTTTGGCAG 

— j 50 ATTG CTTTA^G oGTCAGGCTT TAAGTGTAAC AGTGCAGTTT GGGTGGCTCT 

— 3 0 0 AAAC AAT G T C AAAG C TT C G A C AAAT AGT C C T T GGG AAC AC T G CAT C GACA 
~i_50 kjATACC CGGT CAAAATTGAT TCTGATTCAG GTAAGTCAGA GACTCCTGTC 
~ 2 00 CAAAACGGTC GGTCCTAA.TA AACGATGTTT GCTCTCTTTC GTTTCTTTTT 
~ - 5 0 ATTTGTTATA ATAA.TTTGAT GGCTACGATG TTTCTCTTGT TTGTTATGAA 
-10 0 T AAAG AAT G C AATGGTGTTC TAGTATTTGA TTGTTTTACA TGTATGTATC 

-50 TCTTATTTAC ATGAAATTTT TAAAC GCCTA AAJ^AAAAAA CGGAATTCCG 

^~ BnproRV 



51 TTTCAACCTT TGCTTCTTTC CG TTAACGGC GATCGTCGCC GGAAAAGCCT 
Bnwalk2 

101 ATCGGCTTAC CATAGACGAT CTTCACCACT TATACTATTC CTATCTCCAA 

151 CACAA CCTCA TAACCATCGC TCCACTCTTT GCCTTCACCG 
<~ Bnwalkl 
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Figure 3. Lunaria annua FAE1 promoter: 

(Length: 1069 bp) 

-1100 CG CCGGGGAGTT TCAGCTTAAC CGGTAAAATT 

LaproFW ~ ^ 

-1050 GGCC TGTACA TATATTTACC AC T GAG T AAA GACATCAGTT AATGATTTGT 
-10 00 TGT7ACTCAA TTGGGCTAAG 7GTATTATTA TATGTGTTGT A T AT AA T AAA 
-950 GGTAGAACGT AAA T T T A C T A AGAATGTGTT TTTCCAATGT GATTGCTCTT 
-90 0 TGGCGTGTTA GGTTTGAATC CTACTCGAGA AGACTAATTT TAATTTACTG 
-3 50 GCAAAAATAG AAATCAATTT ATAAGTGTTT AAA C AAA T C G ATGGTATAAC 
-8 0 0 TGATTAGTGA TCACTGTTAG GTTTTGATCC AACTGGAGTA TTGAGTATTG 
-750 AACGGTTTTT TTAAATAAAA TCTTGATTTT TAAATTGGTT TTTTGAGTAA 
-7 0C AAAAGTTCTT AATATTTTCT CTTTGTTTTA ATGGGTTTGT TTTGCATTTT 
-5 5 0 ATAAGCTTAA TTTTTCTAAT TTAATATTTT AT C TAT CATC GTCCGTAAAG 
-600 TTTTATTTGG CACAAACTTG TTTTACTTTT CTACCTTATA ATTTGGGAAC 
-550 TGGTTGAGTC AAAGCGTACC GGACAAATAT GTTTTATATT CTTATTTAAG 
-500 AATTAACACT CATCTCATAA TTAGTCAGAG GCTAGGGAGA TTCAGCCAAT 
-4 50 CAATGCTAAC AACAAAATTC TCTTAATGAT CTAACGATGC TATTTAATAT 
-4 00 TCGGATCAGT ATTCTTAAAT AAGAATATAA AACTAATTCA ATAGTTACAG 
-3 50 ATAAAAACTT ATATAGACTT TTTTATTTGG AATATAAAAG TATCAATATA 
- 3 0 0 T TAT A G AC AA T AT T T AT AAC G T T AAAAA T A C AAT A T T T AT AT T T T T T AT A 
-2 5C TATTTATTTC AAA T T G AAAA GCATTACTTC TAT CG AAATG AATTTTAGTA 
-2 0 0 T AT T AAT T AA TATTTTTTTA ATCGGACTAC TTTCCTATTT TGGCACCTTT 
-150 CATCTGACTA CTAATTTATT TCAATGTGTA TGCATGCATG AG CAT GAG T A 
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Figure 3 Continued. Lunaria annua FAE1 promoter: 

-10 0 ATACACATGT CTATATAAAT GCATGTAAAA CGTAACGGAC CACAAAAGTG 

-50 GAT C CAT AC A AATACATCTC ATCGCAC CCT CTCCGACACA AAACTGAACA 

^~ LaproRV 



1 1ATQ ACGTCTG TGAACGTAAA ACTCCTTTAC CATTACGTCA TAACCAACTT 

51 TTT CAACCTC TGTTTCTTCC CACTGAC GGG GATCCTCGCC GGAAAAGGCT 

Lawalk2 

-01 CTCGTCTTAC CACAAACGAT C TCCACCA 
4r LawalJcl 
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Figure 4: Alignment of L.a* and B.n. FAE1 promoters 

CLUSTA1 W '1.^4) multiple sequence aiigaineni 

A. t . 

L.a. 

5 • n - GGTTG G GC AAAT CT 3 ACT T CACC AAAG AAACAJvCTCGAGTCGTT AT CC AT CTCCTC AT AA 

A. t . 

- . a . 



S - ^ ■ G C AAAC CGGTTTA.CCTCGTT GAG T AC T C AT G C T AC C T T C G A.C C AA C G C A. T T G T AG A T C AA 

A . t . 

L . a . 

• - ^jTATC. — ~ "^.^^T^r-.TGGATATCTTTTATCAAGTAA.GAAAAGCTGA.TCCTT CTCGGAA.CG 

A. c. 

1 . a . 

s • n • GCACGTGCGATGACTCGTCGTGGCTTGACTTCTTGAGGAAGATTCAAGAACGTTCAGGTC 

A.t. 

L.a. 

S • ^ ■ TAGGCGATGAAACTCACGGGCCCGAGGGGCTGCTTCAGGTCCCTCCCGGGAAGACTTTTG 

A.t. 

L.a. 

3 n 



L.a. 



A. £ . 

L.a. 

^ • ^ * ACACCA^^GTTAA.CGGTAAAGATATAGGTATACTT GTGGTGAACTCAA.GC 



- AA*^. 1 ^ a ^cvTC* CCG^oATGGTCG T T AAC AC T T T G AAG C T C C G AAG C AA.C G T AAG AA 



. . NNNNNNNNNNNNNNNNNNNNN 

A t n,^-T*,~-« -r< - ~ — r — 

* ^ * ^-CGG A A-«-^TTGGCGTGTACATATATTTACCACTGAGTAJlAGACATCAGTTAATGATTTG 

& • n . GCTTT^A^C x * vjvjTGu^ATGGGTTGTAGTGCCGGCGTTATA.GCCATTGATCTA.3CAAA.GG 

Con. 4 NNNNNKNNNNNNNNNNNNNNNNNNWNNNN^ 
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Figure 4 Continued: Alignment of A.L, Lm. and B.n. FAE1 promoters 



A . C . TTGGT i TCCA — T T A.C C AG AAG G C T T A C C C T A.T ~ T AG T T G AAAC T T 3 AAA CTTTGTTCC 

■lj . <3 . * * GTTACT C AATTG G *oC T AAGTG TAT T AT T ATAT — GTGT T GT AT AT AAT A-~xAGG ^ AG AAC 

3 . n . ACTT3TT3CATGTCCATAAJ L J^TA.CGTATGCTCTTGTGGTGAGCACAGAGAACATCACTT 

Con. 4 WYKKK1\ 7 YBCANNTSERYHAJIRWKCMKTAY3MTMTNKW 

A. c. CTACTCAATTCCTAGTTGTGTAAATGT ATGTATATGTAAT 3CGTATAAAACGTA 

— • <3 . AA ^ * TTAGTAAGAATGTGTTTTTCCAATGTGATT 3 CT CTTT GGCCT CT TAGGTTTG 

3 . n . j. AA — *»-.~x i * .ft-uc j. uu i GA.TAATAGGTCCATGAT wGTTTC.--nA.TTGCT * GT . CCoTG i - 

Con. 4 VTAMNNAWTTMCKMDKDDKRTRWWWKKNNN^ 

A. t . GTACTT.AAATGACTAGGAGTGGTTGTTGAGACCGATGAGAGA.TG3GAG-CAGAACTAA.nG 

£ . <3 . .**ATCCTACTCGAGAAG- ACTAATTTTAATTTA.CTGGCAAAAATA3AAA.~ tcaattta.taa 

d . n . ^oTGGGGC- CGCT ATTTTGCT CT CCAAGAAGCCTGGAG ATCGT AGACGG TCC AAGT ACGA 



Con. 4 RDWSBKRMNYGM3WWKNWS YDVTYYWWVWDDMCKRKVRRWVRTRGFJ^RNYMV T AVJBTAHRR 

A . t . AT — GATGACATAATTA AGAACGAATTTGA-AAGG-CTCTT.AGGTTTGAATCCT 

^ • <5 . 'oi* x rt-rxAL.AAATCGATGGTATAA.CT GAT TA.GT ~~ L:ATCA.CT CTTAGo ± TTTGA.TCC- 

z • n . 'o-w i rt.G * * w.- .Crv—Gu x T C^jA-n.CGv,.-iTACCGGAGCT GrtC ,: jr-xCA-n.o j. - - T T _ o i T ^ w G * ■o-— 



Con . 4 R Y N N G W T B A>1A Y R RWT MN N N N N N AKAMC KRA.K YWGWN RA B VN S T C T T W K 5 KT T 50/ RT S C W 

A . t . .ATTCGAGAATGTTTTTGTCAAAGATAGTGGCGATTTTGAACCA^AAGAAAACATTTAAA-A 
L. a . ACTCGAGTATTGAGTATTGAACGCTT TTTTTAAATAAAATCTTGATTTTTA-A 

B . n . A — CAAGGA-GACGATGAGAACGGCAA AATCGGAGTGAGTTTGTCCAAGGACATA 



Con . 4 ANNCRAGDANKDHKWWKWSAAMGVYVJNNNNNNNWTYKKARHEARWDWV^^HSAWKKWHANA 

A. t . AATCAGTATCCGGTTAC GTTCATGCAAATAGAAAGTGGTCTA GGATCT3ATT - 

L . a . ATTGGTTTTTTGAGTAAAAAAGTTCTTAATATTTTCTCTTTGTTTTAATGGGTTTGTTT- 

B. n. ACCGATGTTGCTGGTCGAACGGTTAAGAAAAACATAGCAACGTT GGGTCCGTTGA 

Con. 4 AH Y S R K KWT 3 Y K R K T M V N N N N G T T !-fW K RM W A W Y W KMC M D W B G T Y ! 1 N N N N G G R T Y Y G W T K N 

A. £ . -^TAATT ^ TAG A. CTTAAAGAGTCTC — TTAAGA.TTC.AA.TCCTGGCT-CTGTACAAAA.CT 

. d . TGCATTTTA-TAA.GCTT AATTTTTCTAATTTA.ATATTTTATCTATC AT CGTCC3T AAAGTT 

2 • n • - TCT * «-wGT a AAlsClj-thjAAACTT CTT — T TTTT CGTT A,— CTT _ ATGuu w.-xAGAAAC - * 

Con. 4 K KMW T Y Y rCW KA t J N C KW RAW C K K T C T H N N T T WW KM K T Y W N N C Y W K S M T 1 1 G K 3 K R E AAA V Y T 

A. t . ACAAATAATATA T T T TAG AC TAT T T G G C C T T AA.C T AAAC T T C C A - C T CAT TAT T T A 

*- • <3 . TTATTTGC C AC AAAC T T G T T T T AC T T T T C T A C C T T A — T AATTT3GGAACT CGTT GAG T- 

3 . n . TT C AAAG AT AAAATC.AAAC ATT ACT AC GT C CCGG ATT TCAAACTTGCT AT TG AC C ATT TT 

Con . 4 W Y MWW WR R Y AH A N N N N W D Y WW KA.C T W Y K Y 3 V C S KWWN N Y AA W Y T K S S W N Y T S R Y Y R W K T N 

A . t . — CTGAG^T T AG AG AA — T A.G AC T T G C G AA.T AAA. CACATTCCC G AG AAuAT AC T CAT GAT C C 

* a * ~ l AAA.G C 'jTAC C G G A — CAAATAT GTTT- TAT ATT C T T AT T T AA G AA, T T AA.C A C T CAT C T 

£3 . *t . TGTA * AuA.TGCCGGAGGCAGAGCCGTGATTGATGTGCTAGAGAAGAACCTAGCCCTAGCA 

Con. 4 M S W R W R S C T R S MG RAN N Y ARA.3 H Y G Y KWN T R WW B W S H T W B H E RA.G AA. H Y WM B MM Y E A K C H 
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Figure 4 Continued: Alignment of L,cu and B.n. FAE1 promoters 

CE3 

A * c • CATAA.77AG7CAGAGGG7A7G CCAATCAGATC7AAGAAOACACA7TCCC7C 



^ ■ a ■ C AT AATT AGT CAG AG G GT AG GG AGA7 7 C AG CCAATCAATGC7AACAAC AAA- AT TCTCTT 
B - n * CCGATCGATGTAGAGGC ATCAAGATCAACGTTACATAGATTTGG 



^n. 4 C M KA W Y KA KK Y AG AG G 3 NN N N N N N N N N N N N N N N AT C AR D D V Y AA3 RW Y AMAN AKW Y Y Y K H 

A - AA — A7TTTA--A7GCAC-A7GTAATCA7 AGTTT AGCACAA77CAAAA 

C • <3 . AATGATCTAACGATGGT--A777AATATTCGGATGAGTATTGTTAAA7AAGPATATAAAA 

3 - n - AAAC AG T 7 C A7 77 AG G 7 C AA7 A7 G G 7 A7 G AGTT GG C AT AC AT - AGAAG - G AAAA 

* * * * * ****». * * * * » ♦ * * * * * 

Con. 4 AAN N A Y Y T HAN N WWG C W N N A. 7 C 7 R. R 7 MW KN N N N N N AG 7 W KN N N N N N AKN A 3 AA KN Y AAAA 

A- t. ATAA7G7AG7A-77AAAGACAGAAA777G7A — GACTTTTTT T7GGCG7-TAAAGG 

L - a • CTAAT7CAA7AG77ACAGA7AAAAAC77A7A7AGAC777TTTAT — TTGGAATATAAAAG 

5 • n • GGAAGGATGAA-GAAAGGTAATAAAGTTTGGCAGATTGGTTTAGGGTCAGGCTTTAAGTG 

Con . 4 VKAAKKHWRWANKWAMRGWHADAAABTTDKRNNGAYTKYTTTNNNNTYF.GVVTrJTAARDG 

A. C . AA G AC T AAG T T T AT A - C G T AC AT T T - T AT T T T AAG T 

C ■ a • TATCA^TATATTATA-GACAATATTTA7AACG77AAAAATACAA7A777A7A7777TTA7 

~ • ^ • TAACAGTG^AGTTTGGGTGGCTCTAAACAATGTCAAAGCTTCGACAAATAGTCCTTGGGA 
* * * * * * * * * ******** * * * * * * * * 

Con . 4 WANNNNNNNNNNNNNNGWSDMWVTWWAYANYGTNNNNNNNNNNAYAWWTNKWYYTTDDRW 

CE1 

A • — GGA AAACCGAAA77-- f77CCA7CGAl AA7A7ATGA--A777-AG7ATA7 

~- a - ATATTTA7TTCAAATTGAAAAGCATTACTTCTATCGAAATGA — ATTTTAGTATATTAAT 

5 • n • ACACT GCATCGACAGATACCCGGTCAAAATTGATTCTGATTCAGGTAAGTCAGA 

* * ***** * * * ** *** *»* * * 

Con - 4 RBAYTNNNNNNRMAYYGAYADDYAYYMSD7C0AWMKWDATKMNNATTYNRGTAWRTNNNN 

G-box2 

A - ~ • ATATTTCTGCAAT G 7A C 7 A7 7 T T G CT AT T 7 T G GC AA - C T T7 C A G T G G AC TAG 

* • 7AATATTTTTT7AATC G GAG 7 AC 7 7 7 C C 7 AT T 7 7 G G C AC - C 7 7 7 CAT C T G AC TAG 

5 - - - GAC7CG7G7CCAAAACGG7CGG7CC7=-A.7P-A-.CGA7G777GC7C7C777CG777--C777 

-on. 4 N NM7MK7 K Y YE H AAWNNN NN NG K>:C 7 A.H 7 WWVC KA7 K7 7KG CWMN C77 7 C RK Y KNN CT W Y 

G-box 1 

*" 1 ■ ~ ' 7 AC a * . ACnjn-.GT^: . j- j. uoA7oC-A7GA\j T77GAG7A~7ACACA7Gi7C 



- • a • 7AA777A777CAA7G7G7--A7GCA7GC-A7GAG 3ATGAG7AATACACA7G7CTATA 

B - n - 7TAT77G77A7AA7AA777GA7GGC7ACGA7G777C7C77G777G77A7GAA7AAAGAA7 



: - n - 4 T WMT T 7 R 7 7 W Y AA 7 RW K7 N N A7 G S M 7 R C N A7 G W KN N N Y W 7 G W K 7 RW 7 A Y RMA7 R WM KAW\ 

A-3QC £M1 ABA 

- * T G CAT G C T - T T G C AAAAC G T AAC G G A C C — AC AAAA GAG G A T C C AJT G C AAA 7 A C A 7 C 7 C A 71 



* • 7 AAA7 G C A - 7 - G 7 AAAAC G 7 AAC G G A C C - A. C AAAA G7GGA7CC AT AC AAA T A.C A T C 7 C A T 

- * r ' * GCAA7GG7G77C7AG7A777GA-77G7777ACA7G7A7G7A7C7C77-A777ACA7GAAA7 

Con. 4 . KVMA7 G 5 W N T N 3 Y ARWA Y K7 RAY KG W Y Y N AC A W RW R WG KA7 C Y M T 0 N A WW T A C A T S WMAT 

* n * u ■ AGC — T * CCTCC ATT ATT TTCCGACACAAA— CA*GAGCA 

L - a - CGC-hCCCTZ 7CCGACACAAAACTGAACA 

~ • " • - * AAmCGCC 7AAAAAAAAAAAC G GAA 7 7 CCG 



hkyn^h^ckcnnnnnnnn7^ 
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Figure 5: Alignment of A.L and L.a. FAE1 promoters 



CI/JS7AL W .1.74- mulriple sequence alignment 

A.Z. AC7CA7AA 

L * *3 • CGCCGGGGAo TTT CAGCT TAACCGGTAAAATT GGCCTGT AC AT ATA.T77A.CCAC7GAG7 A 

Con. 5 ACTSAKWA 

c * AAACTAGTAGAT--TGGTTGGTTGGTTTCCA--TGTACCAGAAGGCTTACCGTATTAGTT 

• <3 • ^"^GACATCAGTTAATGA.TTTGTTGTTA.CTCAA.TTGGGCTA*A.GTG7A77A.T7A7A7G7G77 

Con . 5 AARM Y AK Y AG W T N N T G RT T KG T T G KT W Y Y C A.N N T G K RC Y A R RW G KK T T A. Y YM T A.T KW G T T 

A- C . GAAAGTTGAAACTTTGTTCCCTACTCAATTCCTAGTTGTGTAAATGT ATGTATATGT 

- • * • GTATATAATAAAGG7AGAACGTAA--A7TTAC7AAGAATG7GTTTT7CCAA7G7GAT7GC 

Con. 5 GWAWRTWRWAAMKKTRKWMCSTAMNNAWTTMCTARKWRTGTRWWTKTNNNA7GTRWWTGY 

A - C . AAT GCGTATAAAACGTAGTACTTAAATGACTAGGAG7GGTTCTTGAGACCGATGAGA 

a • TCTTTGGCGTCTTAGGT7TGAATCCTACTCGAGAAG-ACTAATTTTAAT77ACTGGCAAA 

Con. 5 WMT N N N G C 3 7 M 7 W AR R Y K 7 R RlfW C Y T A-M W Y G A 3 W AG N A S 7 R R 7 7 Y 7 W R W KWM C K R K S A RA. 

^ * C . GATGGGAGCAGAACTAAAGATGATGACATAATTA AG AAC G AAT 7 7 G AAAG G - C 7 

L - ^ • AATAGAAATCAATTTATAAGTGTTTAAACAAATCGATGG7ATAACTGATTAGTGATCACT 

Con . 5 RATRGRARYMRAWYTAWARRTGWTKAMAYAAWTMNNNNNNAKAACKRATTWGWRAKSNCT 

A • t . CTTAGG777GAATCCTATTCGAGAA7G777T7GTCAAAGA7AG7GGCGA7777GAACCAA 

^ • a • C77AGG7777GA7CCAAC7CGAG7A77GAG7A77GAACGC77 T7777AAA7AA 

Con . 5 CTTAGGTTTKRA7CCWAYTCGAGWATKKWKTWKTSAAMGMTWNNNNNNNTTT7KAAMYAA 

A. t. AGAAAACA77 7AAAAAA7C AG 7A7 CC G G7 7 AC G77CA7GCAAA7AGAAAG7GG7C7 

AA7C77GA77777AAAT7GG777777GAG7AAAAAAG77C77AA7A7777C7C777G777 

Con. 5 ARWWraSAT77™AAAW7SRK7WTYYGRK 

* • * or-. i * G7AAT777AGA GT7AJAAGA.G7C7C — TTAAGATTCAA.TCCTGGC 

^ • *3 • i AAT GGG777G7777G CAT 7 7 7 AT AAG C 7 7 AA7 7 7 7 7 C 7 A-A7 7 7 AA7 A7 7 7 7 A. 7 C 7 A.T G.A 

* ♦ * * » » *■ * * * * * * * * * . * * * * - ♦ - - * 

Con. 5 WNNNGGR7YT G WT 7 KKMA7 7 7 7 AKAN N C T T AAW ECl^ KT C 7 MM N 7 7 AAKA7 7 Y W AT C Y W K S M 

• n • - • T-G7G7ACAAAAC7ACAAA7AA7A7A TTTTA.GACTATTTGGCCTTAA.CTA-AACTTG 

a * TCG7CCG7AAAG7T77AT77GGCACAAAC77G7777AC7777C7ACC77A — TAAT77GG 

Con . 5 7 N G T S Y R Y AAA R Y 7 W Y A WW 7 RR Y A Y AN N N N T KT T W rCA C 7 V. 7 T 7 Y K R C C 7 7 AN N 7 AAW Y T K 3 

A- *- • '^-A-Ci^rti i ATT7Aw7oAGG77AGAGAA7AGAC77 GCG AA7AAACACA77CCCGAGAAA7 

C- ^ . GAACTGG77GAG7-CAAAGCGTACCGGACAAA7A7G777 -7A7A77C77A77TAAGAA77 

Con. 5 3 AN C7SR77RWK7N C W RAG 3 KT A S M G RA Y A RA Y W T G Y KW N 7 AW A Y W C W T W Y Y Y RA G AA W T 

-400 

A- ~ ■ -4 32 ACT CAT GAT CC CAT A*AT TAG TCAGAGGG TAT G gCAATCAGATCTAAGAACA 

^ * ^ • AACm.^w * -Ai CTC AT AATT AG TCAGAGGCTAGGG AG ATT CAGCCAA7CAA7GC7AACAACA 

Con . 5 AMYMM7SA7CYCA7AA77AG7CAGAGG37AKGNNNNNNNNNCCAA7CARWKC7AASAACA 
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Figure 5 Continued: Alignment ofA.L and L.a. FAE1 promoters 

A. t. -381 CACATTCCCTCAA — AT T T T A - - AT G C AC A T G T AAT CAT AGTTT AGCA 

~< * a . * iLl'w* I nn Ibft^i nn-~ on * o w x - n I * * nn ir. x ^ ^ o on * ^ no * n x - * * Ann * nn 



Con. 5 MAN AT T C V C T YAAN NAT Y T WAN NAT G CWN AT KT AAT MWT N N N N N N AG T WT NN N N NN AKMA 

A. Z. — 3 3 / CAATTCAAAAATAATGTAGTA.— TTAAAGACAGAAATTTGTA — oACTTTTTT— — TTGGoo 

— . a • onn 1 n x nnnno x ~^n x 1 ^_nn i no * x nonon 1 nnnnno x x n 1 n 1 nono -x.x.xnlx* oonn 

Can. 5 SAATWYA^AA^TAATKYARTANTT^^ 

A.t. -282 T-TAAAGGAA 3 AC T AAG T T T AT A - C G T ACATTT-TAT 

x, . d . x n 1 nnnno x n x ^nrt x n 1 n ^ x n x nononn i n x 1 * n x nnL. ox* / vnnnn x n^nn 1 n x I In.nl 



Con . 5 TNTAAARGWANNNNNNNNNNNNNGACWAWRTTTATANCGTNNNNNNNNNNAYATTTNTAT 

A. t. -2 4 7 TTTAAGTGGA AAACCGAAATT — TTCCATCGAAATATATGAATTT -AGTATA 

L.a. TTTTTATA' j.A*TTTATTTC AnA T T jnAAnvj Cn. * n C T T o TnT C o nnn x An x T T * Ao x n * n 

Con. 5 T T T WW R T R KAN N N N N N N N AAA. Y Y G AAAW KN N T T M C W T C KA WM KA W AT G AAT T T NAG TAT A 

A. t. -198 T ATATTTCTGCAAT-GTACTATTTTGCTATTTTGGCAACTTTCAGTGGACTACT 

L, a . TTAATTAATATTTTTTTAATCGGACTACTTTCCTATTTTGGCACCTTTCATCTGACTACT 



Con . 5 TNNNNNNATAT7TYTKYAATNGKACTAYTTTSCTATTTTGGCAMCTTTCAKYKGACTACT 

A. t . - 1 4 5 ACTTTATTACAATGTGTATGGATGCATGAGTTTGAGTA-TACACATGTCTAAATGCATGC 
L . a . AATTTA.TTTCAATGTGTATGCATGCATGAGCATGAGTAATACACATGTCTATATAAATGC 

Con . 5 AMTTTATTWCAATGTGTATGSATGCATGAGYWTGAGTANTACACATGTCTAWATRMATGC 

A. C . - 86 TTT GCAAAACGTAACGGACCAC AAAAG AGGATCCATG CAAATACAT C T C ATAGCTT CC - C 

L . a . AT -* G T AAAA.C G T AAC G G AC C AC AAAAG T G G AT C C AT A C AAAT AC AT C T C A T C G C AC C C T C 

Con . ^ r«TNG\ A-AAACGTAACGGACCACAA^AA.GVJGGATCCATR.CA^AA.TACATCTCATt'iGCW i CC * C 



\TTATTTT CCGACACAAA— CAGAGCA 
TCCGACACAAAACTGAACA 



NNNNNN N NTCC G AC AC AAAN C W G A RCA 
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Figure 6 



A: FAE1 promoter-castor hydroxylase 
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Individual transformed lines 



B: Napin promoter-castor hydroxylase 




Individual transformed lines 
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Figure 7: Alignment of B.tu and L.a. FAE1 promoters 

CLUSTAL W {1.81) multiple sequence alignment 



BnFAEl 
LaFAZl 



GGTTGGGCAAATCTGACrrrCACCAAAGAAACAACTCrGAGTCaTTATCCATCTCCTCATAA 60 



BnFAEl 
LaFAEl 



CCA7CGC7CCAC7C777GCC77CACCG7777CGG77C 



:tacatcgcaacccggc 120 



BnFAEl 
LaFAEl 



CCAAACCG^x ..ACC7CG77GAG7AC7CA7GC7ACC77CCACCAACGCA77G7AGA7CAA 18 0 
C GCC G GGG AGT - 77 CAG C77 AAC C GG7 AAAA77 G GC CT GT AC AT AT A 4 6 



BnFAEl 
LaFAEl 



GTA7C7CCAAGG7CA7GGA7A7C7777A7CAAGTAAGAAAAGCTGATCCT7C7CGGAACG 2 4 0 
7T7ACCAC7GAGT-AAAGACA7CAG77AA7GA77T GT7G7TACTCAA77GGGC7 99 



BnFAEl 
LaFAEl 



GCACG7GCGA7GAC7CG7CG7GGC77GAC77C77GAGGAAGA77CAAGAACG77CAGG7C 3 00 
AAG7G7A77A77A7A7G7G77G TA7A7AATAAAGG7 AGAACGT— AAATT 1 4 7 



BnFAEl 
LaFAEl 



TAGGCGA7GAAAC7CACGGGCCCGAGGGGC7GC77CAGG7CCC7CCCCGGAAGAC7777G 3 60 
TA— C7AAGAA7G7G77777CCAA7G7GA77GC7C777GGCC7C77AGG777GAATCC7A 20 5 



BnFAEl 
LaFAEl 



CGGC GGC G C G7 G AA GAG AC GGAGCAAG77A7CA77GG7GCGC7 AG AAAATC7A77CAAG A 4 2 0 
CT CGAGAAGAC7AA7777AAT-T7AC7GGCAAAAATAGAAATCAATTTATAA 25 6 



BnFAEl 
LaFAEl 



ACACCAACG77AACCC7AAAGA7A7AGG7A7ACT7G7GG7GAAC7CAAGCA7G777AA7C 4 8 0 
GTG7x A AAACAAATC--GATGGTATAACTG-ATTAG7GA7CAC7C77AGG77— TTGATC 311 



BnFAEl 
LaFAEl 



CAACTCCA7CGC7C7CCGCGA7GG7CG77AACAC777CAAGC7CCGAAGCAACG7AAGAA 5 4 0 
CAAC7C GAG7 A77 G AGTA77GAACGC777 7777 AAA7 AAAA7 C77 G A 3 5 8 



3nFAEl 
LaFAEl 



77777 AAA-T7GG777777GAG7AAAAAAG7- 



ju^ui -A7AGCC 
777AA7A7: 



BnFAEl 
LaFAEl 



AC77G77GCA7G7CC-A7AAAAA7ACG7A7GC7C77G7GG7GAGCACAGAGAACA7CAC7 65 9 
G77TG7777GCA7777A7AAGC77AA77777C7AA777AAT-A7777A7C7A7CA7CG7C 4 7 5 



BnFAEl 
LaFAEl 



7A7AACA777ACGC7GG7GA7AA7AGG7CCA7GA7GG777CAAA77GC77G77CCG7G77 7 1 9 
CGTAAAG777 TA777 GGC ACAAAC77G7777 A C7777C7ACC77A7A 522 



BnFAEl 
LaFAEl 



GGTGGGGCCGC7A7777GC7C7CCAACAAGCC7GGAGA7CG7AGACGG7CCAAG7ACGAG 77 9 
ATTTGGGA-AC7GG77GAG7CA AAGCG7ACCGGACAAA7A7G7777A7A77C 57 3 



BnFAEl 
LaFAEl 



C7AGT7CACACGG77CGAACGCA7ACCGGAGC7GACGACAAG7C7777CG77GCG7GCAA 8 3 9 
-7TA777A-AGAAT7AACAC7CA7C7CATAATTAGTCAGAGGC TAGGGAGATT 624 



BnFAEl 
LaFAEl 



CAAGGAGACGA7GAGAACGGCAAAA7CGGAG7GAG777G7CCAAGGACATAACCGA7G77 9 99 
C AGCC AAT CAA7 GC7AAC AACAAAA77 C7 C77 AA— 7 G A7C7 AAC GA7G C7 A777 AA7A7 68 2 
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Figure 7 Continued: Alignment of An. and L.a. FAE1 promoters 



BnFAEl 
LaFAEl 



GC7GG7CGAACGG77AAGAAAAACA7AGCAACG77GGG7CCG77GA77C77CCGT7A-AG 95 8 
7CGGA7CAG7A77C77AAA7AAGAA7A7AAA ACTAATTC AATAGTTACAG 7 32 



BnFAEl 
LaFAEl 



CGAGAAAC77C7777777GG77ACC77CA7GGGCAAGAAAC77T7CAAAGA7AAAATCAA 1018 
A7AAAAAC77A7A7AGAC777777A777G-GAA7A7AAAAG7A7CAA7A7A77A7AGACA 7 91 



BnFAEl 
LaFAEl 



ACA7TAC7ACG7GGGGGA777CAAAC77GC7A77GACCA77777G7A7ACA7GGCGGAGG 107 3 
A7A777A7A ACG77AAAAA7ACAA7A777A7A777777A7A7A777A777CAAA 8 4 5 



BnFAEl 
LaFAEl 



CAGAGCCG7GA77GA7G7GC7AGAGAAGAACG7AGCCC7AGCACCGA7CGA7G7AGAGGC 1138 
T7GAAAAGCA77AC77G7A7CGAAA7GAA7777AG7 ATA77AA77AA7A7777777 901 



BnFAEl 
LaFAEl 



A7CAAGA7CAACG77ACA7AGA777GGAAACAC77CA7C7AGC7CAA7A7GG7A7GAG77 119 8 
VT T 77 G GC AC C777 C A7CT G AC7 AC7 94 4 



BnFAEl 
LaFAEl 



GGCA7ACA7AGAAGCAAAAGGAAGGA7GAAGAAAGG7AA7AAAG777GGCAGA77GC777 125 8 
AA777A777GAA7G7G7A7GCA7GCA7GAGCA7GAG7AA7A CACA7G7C7A7 9 9 6 



BnFAEl 
LaFAEl 



AGGG7CAGGC777AAG7G7AACAG7GCAG777GGG7GGC7C7AAACAA7G7CAAAGC77C 1318 
A7AAA7GCA7G7AAAACG7AACGG-ACCACAAAAG7GGA7CCA7ACAAA7ACA7C7CA7C 1055 



BnFAEl 
LaFAEl 



GACAAA7AG7CC77GGGAACAC7GCA7CGACAGA7ACCCGG7CAAAA77GA77C7GA77C 13 78 
G-CACCC7G7GCGACACAAAAC7GAACA 10 82 



BnFAEl 
LaFAEl 



AGG7AAG7CAGAGAC7CG7G7CCAAAACGG7CGG7CG7AA7AAACGA7G777GC7C7C77 14 38 



BnFAEl TCG777C77777A777G77A7AA7AA777GA7GGC7ACGA7G777C7G77G777G77A7G 14 98 

LaFAEl 

BnFAEl AATAAAGAA7GCAA7GG7G7777AG7A777GA77G7777ACA7G7A7G7A7— C77AT77 -=59 

LaFAEl 



BnFAEl ACA7GAAA77777AAACGCC7AAAAAAAAAAACGGAA77CCG 16 00 
LaFAEl 
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Figure 8: Alignment of B.tu an&A.L FAE1 promoters 

CLUSTAL W (1.81) multiple sequence alignment 

AtFAEl 

BnFAEl GGTTGGGCAAA7C7GAC77CACCAAAGAAACAAC7CGAGTCG77A7CCA7C7CCTCATAA 60 

AtFAEl 

BnFAEl CCATCGCTCCACTCTTTGCCTTGACCGTTTTGGGTTCGGTTCTCTACATCGCAACCCGGC 120 

AtFAEl 

BnFAEl CCAAACCGGTTTACCTGGTTGAGTAGTCATGGTAGCTTCCACCAACGCATTGTAGATCAA 1 8 0 

AtFAEl ACT CA7AAAA 10 

BnFAEl GTATCTCCAAGGTCATGGATATCTTTTATCAAGTAAGAAAAGCTGATCGTTCTCGGAACG 2 4 0 

* * * * * 

AtFAEl ACTAGTAGATTGGTTGGT — T GG777CC ATG7 ACCAGAAGGC7T ACCC7ATTAG7 63 

BnFAEl GCACG7GCGA7GAC7CG7CG7GGC77GAC77C77GAGGAAGA7TCAAGAACGT7CAGG7C 2 00 

* * * * * ** *** ** • » * » * * * ** 

AtFAE1 TGAAAGT7GAAAC77-7GT7CCC7AC7--CAA77CC7AG77G7G7AAA7G7A7G7A7A7G 120 

BnFAEl TAGGCGATGAAAC7CACGGGCCCGAGGGGC7GC77CAGG7CCC7CCCCGGAAGACTT77G 3 60 

* * ******* * *♦* * * * * ** * * * **, 

AtFAEl TAATG-CG7ATAAAACGTAG7AC77AAATGAC7AGGAGTGG77C77GAGACCGATGAGAG 17 9 

BnFAEl CGGCGGCGCG7GAAGAGACGGAGC-AAGT7ATCA7TGGTGCGC7AGAAAATCTATTCAAG 419 

* ** * * * * * * ** * * * * * * * * * ** * * 

AtFAEl A TGGGAGCAGAAC7AAAGA7GA7GACATAA7TAAGAACGAA777GAAAGGCTCTTA 235 

BnFAEl AACACCAACG77AACCC7AAAGA7ATAGG7A7AC77GTGG-7GAACTCAAGCATGTTTAA 4 7 8 

* * »***♦*■** * * * * ** * • * • * * * * * 

AtFAEl GGTTTGAA7CC7A77CGAGAA7G77T7TG7CAAAGA7AG7GGCGA-TT7TGAACCAAAGA 2 9 4 

BnFAEl TCCAAC7CCA7CGC7C7CGGCGA7GG7CG77AACAC777CAAGC7CCGAAGCAACG7 535 

* * * * ** * * *•* * * * * * * *** * * * * 

AtFAE ; AAACA777AAAAAATCAG7A7CC - -GGT7AC - G77CA7GCAA- A7AGAAAG7GG7C7AGG 35 0 

BnFAEl AAGAAGC777AACC77GG7GGCA7GGG77G7AG7GCCGGCG77A7AGCGA77GA7C7AGC 5 95 

********** **** -* * ,* **** < . * * * * • • 

AtFAE1 AT C7GA77G7AA7777AGAC77AAAGAG7C7C77AAGA77CAA7CC7CGC7G7G7ACAAA 4 10 

BnFAE1 AAAGGAC77--GT7GCATG7CCATAAAAATACG7A7GC7C77G7GG7GAGCACAGAGAAC 65 3 

* ** * ** * * * * ***** * ** * ** 

AtFAEl ACTACAAA7AA7A7A7 — T7TAGAC7A777GGCC77AAC7AAAC77CCAC7CA77A777 4 67 

BnFAEl A7CAC77A7AACA777ACGCTGG7GA7AATAGG7CCATGATGG777CAAA77GC77G7TC 713 

* ** **** ** * * ****** * * ****** 

AtFAE1 AC7GAGG77AGAGA-ATAGAC77GCGAATAAACACA77CCCGAGAAATAC7CA7GATCCC 52 6 

BnFAEl CGTGT7GG7GGGGCCGC7A7777GC7C7GCAACAAG— CC7GGAGA7CG7AGACGG7CCA 771 

** **** * * * * **•* *** * ***** 

_ CE3 

AtFAEl ATAAx ^ AG7CAGAGGGTA7G — CCAA7CAGA7C7AAGAA QACACA77CCC7CI AAATT77A 58 4 

BnFAEl A GTACGAGC7AG77CACACGG77CGAACGCA7ACCGGAGC7GACGACAAG7C77T7CG77 931 

* * * * * * * * * * * * * * * * ** * * * * 

AtFAEl ATGCACA7G7AA7CATAGT77AGCACAAT7CAAAAA7AA7G7AG7A7TAAAGACAGAAAT 64 4 

BnFAEl GCG7GCAACAAGGAGACGA7GAGAACGGCAAAA7CGGAG7GAG777G7CCAAGGACA7AA 8 91 

*** * ****** * * •** •** *** 
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Figure 8 Continued: Alignment of B.tu and A.L FAE1 promoters 



AtFAEl 
BnFAEl 



AtFAEl 
BnFAEl 



TTGTAGACTTTTTTTTGGCGTTAAAGGAAGACTAAG TTT AT AC GTAC ATTTT AT 698 

CCGATGTTGCrTGGTCGAACGGTTAAGAAAAACATAGCAACGTTGGGTCCGTTGATTCTTC 951 
* * * * ** * » » * * » * » * * * * * * <* * 

T-TTAAGTGGAAAACCGAAATTTTCCAT CGAAATATATGAATTTAGTATATATA 751 

CGTTAAGCGAGAAACTTL': : T'l'TTTCGTTACCTTCATGGGCAAGAAACTTTTCAAAGATA 1011 



AtFAEl 
BnFAEl 



G box 2 

TTTCTGCAATGTACTATTTTGCTATTTTG 3CA^ 810 
AAATCAAACATTACTACGTCCCGGATTTCA-AACTTGCrrATTGACCATTTTTGTATACAT 1070 



AtFAEl 
BnFAEl 



G-b ox 1 

AATGTGTATGGATGCATGAG7T-TGAGTATACACATCTCTAAATGCATGCTTTGCAAAAC 8 69 
GCCGGAGGCAGAGCCGTGATTGATGTGCTAGAGAAGAACCTAGCCCTAGCACCGATCGAT 113 0 



AtFAEl 
BnFAEl 



GTAACGG-ACCACAAAAGAGGATCCAT GCAAATACATCTCATAGCTTCCTCCAT 922 

GTAGAGGCATCAAGATCAACGTTACATAGATTTGGAAACACTTCATCTAGCTCAATATGG 1190 



AtFAEl 
BnFAEl 



T ATTTT Z Z GAC AC AAAC AG A - GCA 94 5 

TATGAGTTGGCATACATAGAAGCAAAAGGAAGGATGAAGAAAGGTAATAAAGTTTGGCAG 1250 



AtFAEl 
BnFAEl 



ATTGCTTTAGGGTCAGGCTTTAAGTGTAACAGTGCAGTTTGGGTGGCTCTAAACAATGTC 1310 



AtFAEl 
BnFAEl 



AAAGCTTCGACAAATAGTCCTTGGGAACACTGCATCGACAGATACCCGGTCAAAATTGAT 1370 



AtFAEl 
BnFAEl 



TCTGATTCAGGT AAGTCAGAGACTCGTGTCCAAAACGGTCGGTCCTAATAAACGATGTTT 14 30 



AtFAEl 
BnFAEl 



GCTCTs- * * T C GTTTCTTTTT ATTT GTTAT AAT AATTT GAT G GCT AC G AT GTTTCT CTT GT 14 90 



AtFAEl 
BnFAEl 



TTGTTATGAATAAAGAATGCAATGGTGTTCTAGTATTTGATTGTTTTACATGTATGTATC 155 0 



AtFAEl 
BnFAEl 



TCTTATTTACATGAAATTTTTAAACGCCTAAAAAAAAAAACGGAATTCCG 1600 
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capillary dimension. The 
microchannel structures 
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member (12) and a cover 
member (14), sealed 
together. A microchannel 
structure having walls of a 
plastic material is formed 
in a generally planar surface 
of at least the base member. 
The cover member has 
at least one generally 
planar surface, and the 
microchannel structure 
is enclosed by bonding 
the planar surfaces of the 
cover member and the base 
member together. In some 
embodiments the surfaces 
of the cover member and 
base member are both of 
plastic material, and are 

directly thermally bonded. In some embodiments a bonding material is applied to one of the surfaces prior to bringing the surfaces 
together. Suitable bonding material are disclosed. 
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METHODS FOR FABRICATING 
ENCLOSED MICROCHANNEL STRUCTURES 

BACKGROUND 

This invention relates to construction of microchannel structures for use in microfluidic 
manipulations. 

MicroChannel structures are of great interest for applications involving the manipulation 
5 of small fluid volumes, such as chemical and biochemical analysis. Various microchannel 

structures having channel dimensions on the order of one or a few millimeters have been used for 
chemical and biochemical assays. 

These structures are typically produced by injection molding using various thermoplastic 
polymers. Injection molding is an economical process, and a variety of thermoplastics having 

10 good optical and mechanical properties can be processed by injection molding to form the 

desired structures. The injection molding process involves introducing a molten thermoplastic 
material into a mold cavity, and then cooling the cavity to solidify the resin. In the case of 
forming microchannel structures, a mold having the negative pattern of the desired channel 
structures must be created. Conventional tooling methods can be used to create molds for 

1 5 channels having dimensions as small as about 1 mm. Typically, enclosed microchannels are 

desired for the final structure. A common method for enclosing microchannel structures formed 
in plastics is to join a base and cover substrate using sonic welding. In addition, certain adhesives 
can also be used to join the base and cover substrates. 

It has become desirable to create microchannel structures having capillary dimensions, 

20 i.e., having dimensions ranging from less than 1 micron to upwards of 1 mm. These structures are 
of interest for manipulating very small fluid volumes through the application of electric fields to 
perform electrofluidics, i.e., the movement of fluids in microchannels utilizing electrokinetic 
flow, that is, electrophoresis and/or electroosmotic flow (EOF). Electrophoresis is the movement 
of individual charged particles or molecules in response to the application of an electric field to 

25 an ionic solution. Electroosmotic flow is a bulk fluid flow (individual ions plus solvent molecules) 
that also results from the application of an electric field to an ionic solution. The extent of the 
bulk fluid flow is a function of the charge on the wall of the channel, as well as the viscosity of 
the solution. Both EOF and electrophoresis can be used to transport substances from one point 
to another within the microchannel device. 

30 To create microchannels having capillary dimensions, photolithography in silicon or glass 

substrates has been employed. See, e.g., U.S. Pat. No. 4,908,1 12, U.S. Pat. No. 5,250,263. In 
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the case of fused silica, these structures can be enclosed by anodic bonding of a base and cover 
substrate. 

Although microchannel structures of such materials have been produced, it would be 
much more economical, and therefore desirable, to produce structures of capillary dimensions in 
5 polymeric materials or plastics. However, the conventional methods for forming and enclosing 
channels in plastic do not provide the accuracy and precision required for structures of capillary 
dimensions. For example, when using sonic welding, heating and deformation may occur in the 
channel regions. When the edges of a sonic weld are uneven, poor electrofluidic performance 
may result. Furthermore, sonic welding of highly defined intersections of capillary dimensions is 
10 not easily accomplished with adequate fidelity. Similarly, with conventional adhesive methods, 
the adhesive material may flow into and plug the channels. 

Thus, there is interest in the development of new methods of fabricating polymeric 
microstructures, specifically in new methods of sealing the cover and base plates together, where 
such new methods do not result in deformation or filling in of the microchannels enclosed in the 
15 structure. Ideally, such methods should be simple and readily reproducible so as to be suitable for 
large scale manufacturing. 

U.S. Pat. No. 5,376,252 to Eckstrom et ah describes a process for creating capillary size 
channels in plastic using elastomeric spacing layers. Ohman International Patent Publication WO 
94/29400 describes a method for producing microchannel structures involving the application of 
20 a thin layer of a thermoplastic material to one or both of the surfaces to be joined, then joining 
the surfaces and heating the joined parts to melt the thermoplastic bonding layer. 

SUMMARY OF THE INVENTION 
Methods are provided for the fabrication of polymeric microchannel structures having 
enclosed microchannels of capillary dimension. The microchannel structures are constructed of a 

25 base plate and a cover, sealed together. MicroChannel structures having walls of a plastic material 
are formed in a generally planar surface of at least the base plate. The cover has at least one 
generally planar surface, and the microchannel structures are enclosed by bonding the planar 
surfaces of the cover and the base plate together. The microchannel structures according to the 
invention find use in a variety of applications, particularly in electrofluidic applications. 

30 Approaches to sealing the cover and base plate according to the invention include thermal 

bonding of the base plate and cover surfaces, and use of a bonding material between the base 
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plate and cover surfaces. Suitable bonding materials include elastomeric adhesive materials, and 
activatable bonding materials, including liquid curable adhesive materials and thermo-melting 
adhesive materials. 

The thermal bonding approach can be employed where the apposing planar surfaces of 
5 the base plate and the cover are made of similar polymeric materials. Generally, in this approach, 
the planar surfaces of the base plate and the cover are aligned and confined to a mechanical 
fixture, in which they are progressively heated under pressure to a temperature 2 - 5 °C above 
the glass transition temperature of the polymer. In this first step, small irregularities in the 
surfaces accommodate to each other, while maintaining the physical integrity of the channels. 
10 Then, the temperature is maintained above the glass transition temperature of the polymer for a 
time sufficient to allow the polymer molecules to interpenetrate the two surfaces and create a 
morphological bonding. Above the glass transition temperature the molecules have sufficient 
entropy to entangle and orient in the surfaces of the two plates. In a final step of the bonding 
process the temperature is slowly reduced in order to maintain a stress free interface that 
1 5 provides a stable assembled microchannel structure. 

Bonding materials can be employed where the apposing planar surfaces of the base plate 
and the cover are made either of similar or of different materials. 

In approaches employing thermo-melting adhesives, the adhesive formulation includes 
medium molecular weight components that upon heating melt and diffuse into the two apposed 
20 surfaces, interpenetrating the two surfaces and creating a stable interface for the assembled 
microchannel structure. Suitable thermo-melting adhesives are usually formulated with 
chemistries that provide secondary bond interactions (e.g., hydrogen bonding, Van der Waals 
forces, and hydrophobic forces) between the surfaces being bonded and the adhesive. 

In approaches using liquid curable materials, one of the planar surfaces (usually of the 
25 cover), is coated with a layer or film of a liquid, curable adhesive material. The fluid layer is then 
rendered non-flowable, after which the coated surface is contacted with the apposing planar 
surface (usually of the base plate in which the microchannels have been formed). Then the 
curable adhesive material is cured to seal the surfaces together, forming the enclosed 
microchannel structure. 

30 In approaches employing elastomeric bonding materials, the adhesive layer or film is a 

rubber or elastomer material (e.g. y natural and synthetic rubbers, polyurethane, polysulfides and 
silicones). The elastomeric bonding material can be applied in solution, as an emulsion, or in 
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formulations of two reactive components. Elastomeric bonding materials can be used in contact 
adhesive formulations, in which one or more small molecule components are admixed to provide 
tack; the do not require application of pressure to establish bonding. Or, elastomeric bonding 
materials can be used as pure elastomers to provide closure of the microchannel structures and to 
5 seal small irregularities in the generally planar apposed surfaces by application of pressure to 
exploit the compressibility of the elastomeric materials. 

In some preferred methods according to the invention, the bonding process results in 
interpenetration into the two apposed planar surfaces, providing a stable sealed interface between 
the base plate and cover. Where a bonding material is used, a thin film or layer of the bonding 
10 material at the interface results. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a diagrammatic sketch in plan view of a base plate having a microchannel 
structure on one surface, which may be bonded to a cover according to the invention. 

Fig. 2 is a diagrammatic sketch in sectional view thru the base plate of Fig. 1 at 2-2. 
1 5 Fig. 3 is a diagrammatic sketch in plan view of a cover having a film of a bonding material 

on one surface, which may be bonded to a base plate according to the invention. 

Fig. 4 is a diagrammatic sketch in sectional view thru the cover of Fig. 3 at 4-4. 
Fig. 5 is a diagrammatic sketch in perspective view of a closed microchannel device 
fabricated by apposing and bonding the cover of Figs. 3, 4 onto the base plate of Figs. 1, 2 
20 according to the invention. 

Fig. 6 is a diagrammatic sketch in sectional view thru the microchannel device of Fig. 5 at 

6-6. 

Fig. 7 shows results of electrophoretic separation of fragments in the HAE III digest of 
3>X174 RF DNA in a sealed plastic PMM A/Mylar™ microchannel structure. 
25 Fig. 8 shows results of electrophoretic separation of fragments in the HAE III digest of 

0X174 RF DNA in a sealed plastic PMMA/PDMS microchannel structure. 

Fig. 9 provides results of electrophoretic separation of single stranded DNA fragments 
having sizes from 50 to 500 bases at 50-base intervals in a thermobonded PMMA/PMMA 
microchannel structure. 
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Fig. 10 provides results of electrophoretic separation of single stranded DNA fragments 
having sizes from 35 to 500 bases in a PMMA/PMMA microchannel structure bonded using a 
thermally activated polymerizable bonding material. 



DETAILED DESCRIPTION 
5 The invention is now described in further detail, beginning with a description of the 

microchannel structures that are constructed according to the methods of the invention, followed 
by a discussion of the methods themselves. 

The microchannel structures produced by the subject methods include at least one 
enclosed polymeric microchannel of capillary dimension. Thus, the structure may comprise a 
10 single enclosed microchannel or a network of interconnecting or separate microchannels having a 
variety of different configurations. Although the subject microchannels are enclosed, the enclosed 
channels will comprise at least one means of introducing liquid into the internal volume of the 
channel. 

A microchannel of "capillary dimension", as that term is used herein, has cross-sectional 
1 5 dimensions that provide for capillary flow along the channel; usually a wider cross-sectional 
dimension of the channel is in the range about 50 ^m to 750 \im, usually from about 100 urn to 
500 urn and more usually from about 100 urn to 250 jim; a narrower cross-sectional dimension 
(usually the depth of the channel) can be somewhat smaller. 

A "polymeric microchannel", as that term is used herein is a microchannel in which at 
20 least the inner surfaces of the microchannel walls, i.e., that surface that contacts the liquid that is 
transported in the channel when in use, is of a polymeric material, where the thickness of the 
polymeric material will be at least about 1 ^m, usually at least about 5 urn, and more usually at 
least about 50 jim, where the thickness may be as great as 5 mm or greater. 

The structures may take a variety of different shapes; they may, for example, be including 
25 disc-like or card-like, and they may be layered or laminated "sandwich" structures. 

Representative shapes for such structures are further described in, for example, U. S. Patent 
Applications Serial Nos. 08/615,642 (A-63053-4), 08/853,661 (A-62852-2), 08/715,338 (A- 
62854) and 08/690,307 (A-62855). 

In general, the microchannel structures according to the invention are constructed of two 
30 parts, each having at least one generally planar surface, sealed together so that the generally 

planar surfaces are apposed. One part is referred to as a base plate, and the other is referred to as 
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a cover. The planar surface of the base plate includes one or more microchannels, while the 
planar surace of the cover may or may not include one or more microchannels. The cover may be 
a more or less rigid plate, or it may be a film, and the thickness of the cover may be different for 
materials having different mechanical properties. Usually the cover ranges in thickness from at 
5 least about 200 ^im, more usually at least about 500 urn, to as thick as usually about 5 mm or 
thicker, more usually about 2 mm. The cover substrate may be fabricated from a single material 
or be fabricated as a composite material. In some embodiments the cover is of a plastic material, 
and it may be rigid or elastomeric. 

Both the base and cover substrates can be fabricated using any convenient methodology, 

10 such as molding, casting, extrusion sheet forming, calendaring, thermoforming, and the like. 
Suitable base and cover substrates for use in the subject invention are further described in U.S. 
Pat. Applications Serial Nos. 08/615,642 (A-63053-4), 08/853,661 (A-62852-2), 08/715,338 
(A-62854) and 08/690,307 (A-62855). 

Any of a variety of microchannel patterns, device shapes, and substrate materials can be 

1 5 used to construct and assemble the components of the microfluidic systems according to the 
invention, so long the device includes at least a generally planar base plate containing 
microchannels constructed of a plastic material. For example, a base plate and cover plate 
constructed of a plastic materia! can be bonded together directly (for example by thermal 
bonding), or by use of an adhesive layer. Or, a base plate constructed of a plastic material, in 

20 which the microchannels are formed, can be covered with a glass plate to enclose the channels, 
and sealed with an elastomeric film of, for example, a silicon or polyurethane elastomer. Glass 
provides improved dissipation of heat and better optical properties, as compared with plastic. Or, 
the device can be formed as a laminate (sandwich structure). 

Construction of microchannel structures by bonding a base plate and a cover according to 

25 the invention will now be further described by reference for illustrative purposes to Figs. 1 - 6, in 
which Figs. 5 and 6 show an assembled microchannel device 10 made by bonding a base member 
or plate 12, shown in plan and sectional views in Figs. 1 and 2 to a cover member or cover 14, 
shown in plan and sectional views in Figs. 3 and 4, using a bonding material 16. As will be 
appreciated, the drawings of the exemplary microchannel structures are not to scale and, in 

30 particular, certain dimensions (for example the thicknesses of the base plate, the cover, and the 
bonding material layer; and the sizes of the microchannels and reservoir holes) are shown in 
extremely exaggerated scale. 
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Base or substrate 12 has a planar surface 13 in which a microchannel structure is formed, 
including intersecting linear microchannels 21, 23. At the ends of the channels holes 22, 24, 26, 
28 are bored through, to provide reservoirs for fluids to be moved within the channels. 
Techniques for forming the microchannel structure in the base plate are disclosed, for example, in 
5 U.S. Patent Application Ser. No. 08/853,661 (A-62852-2). The microchannels as formed in the 
base plate are open, that is, absent a cover apposed to the channel-bearing surface 13 of the base 
plate, the microchannels are not fully enclosed. 

Cover 11 has a generally planar surface 15, apposable onto the channel-bearing surface 
13 of planar member or base plate 12, onto which a thin film 16 of a bonding material is applied. 

10 MicroChannel device 10 is formed by apposing the surfaces 13, 15 with the bonding material 

between them. As a result, the microchannels 21, 23 are closed, having three walls formed in the 
base plate surface 13, and a fourth wall formed by the cover 11, with the bonding material film 
16 constituting the surface of the fourth microchannel wall. 

Reservoirs formed as described above are open on a surface of the base plate opposite 

1 5 the surface apposed to the cover. Other constructions may alternatively be employed for 

providing reservoirs. For example, holes can be bored only partway through the base plate at the 
ends of the channels, so that the reservoirs are not open on the opposite surface of the base plate; 
and holes can be bored or cut through the cover, aligned with the reservoirs. Liquids can be 
added to reservoirs formed in this manner can by filling through the holes in the cover, rather 

20 than from the opposite side. 

In a method employing a curable bonding material according to the invention, a bonding 
material is applied onto a planar surface 15 of the cover material 14 to form a layer or film 16. 
The bonding material may be, for example, a fluid curable adhesive, or a fluid component 
reactive with the cover material 14 and/or with the base plate material 12, a meltable adhesive 

25 film, or a cured elastomeric film that provides physical or chemical characteristics to bind to the 
base plate in which at least one microchannel is formed. 

Some care must be taken to apply the bonding material as a layer or film that is 
sufficiently thick and uniform to ensure that a continuous strong bond can form between the 
cover and the base plate at all points adjacent all the microchannels; and not so thick that too 

30 much of the bonding material adjacent the microchannels is displaced into the channels, distorting 
the channel shape or dimensions. An ideal thickness for the bonding material layer or film will 
accordingly be different for different bonding materials. In practice, generally, the bonding 



WO 98/45693 



PCT/US98/06689 



-8- 

material usually is applied to a thickness at least about 0.5 jim, in some embodiments at least 
about 1 jim, and in still other embodiments at least about 2 \im. 

The bonding material layer or film may be applied to the surface using any convenient 
means suitable for application of a fluid layer to the surface of substrate. Such means finding use 
5 in the subject method therefore include: spin coating, dip coating, knife coating, drawing, rolling, 
mechanical spraying, atomization, patterned discharge, stamping, silk screening, lamination and 
the like, with the particular method employed being at least partially dependent on the nature of 
the substrate, e.g., patterned discharge, stamping and lamination techniques being suited for use 
with flexible substrate materials. 

10 As mentioned above, in some embodiments the apposed surfaces of the cover and base 

plate are bonded together according to the invention using a liquid curable adhesive. In these 
embodiments the adhesive is applied to one surface as a thin film. Accordingly, suitable fluid 
curable adhesives are flowable, having a viscosity in the range about 50 cp to 15,000 cp, usually 
about 50 cp to 10,000 cp, and more usually about 100 cp to 5,000 cp, where the viscosity is the 

15 viscosity of the material as measured at a temperature between about 15 °C and 50 °C. 

Any of a variety of bonding materials can be useful in constructing microchannel 
structures according to the invention. Curable bonding materials can be particularly useful. 

Curable bonding materials include materials applicable to all or a part of the substrate 
surface as a layer, coating, film, eta, which upon application of energy result in formation of a 

20 durable stable interface material between the cover and the base materials. The durable stable 
interface material can be formed by covalent bonding, or interpenetration of the surface 
materials, or strong physical interaction, or by some combination of these. The energy can be one 
or a combination of heat, light, or other radiation including infrared or microwave radiation, for 
example; electron or other particle beam, and the like. 

25 In some embodiments, where the movements of fluids or the progress of reactions within 

the microchannels are to be detected by means of light transmitted from the sample materials 
within the microchannel structure out through the cover or through the base plate, certain optical 
requirements must be met. Preferred modes of light detection may be based for example on UV 
and visible, luminescence and fluorescence responses of the sample material to incident radiation. 

30 For example, any material used in fabricating the cover, the base plate, or the bonding material 
on an enclosing wall of the microchannel should have good optical transmittance, generally 
allowing at least about 50 %, in some embodiments at least about 20 %, and in still other 
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embodiments at least about 10 % transmittance. And, for example, any material that is to be used 
in the field of fluorescence detection and through which light passes should have sufficiently low 
fluorescence in the detected bandwidths so that background fluorescence does not interfere with 
detection of the signal from the sample material. 
5 Curable bonding materials finding use in the invention include polymerizable adhesives 

and activatable adhesives. 

Polymerizable adhesives are those adhesives made up of polymerizable components 
including monomelic, oligomeric and low molecular weight polymeric compounds, where 
oligomeric and low molecular weight polymeric compounds present in the adhesive materials will 

10 generally have a molecular weight that does not exceed about 10 6 , and usually does not exceed 
about 10 5 , and more usually does not exceed about 10 3 . The material may comprise one or a 
plurality of different types of polymerizable components, where when a plurality of different 
types of polymerizable components is present in the adhesive, the number of different 
components will generally not exceed 5 and will usually not exceed 3. The polymerizable 

1 5 components present in the polymerizable adhesives may be polymerizable by exposure to one or 
more of radiation (e.g., electron beam, W radiation, microwave radiation, Y-radiation), and/or 
heat, as will be described in greater detail below. A variety of polymerizable components may 
find use in the subject materials, based on any mode of polymerization mechanism (including 
condensation, free radical, ionic, ring opening) where the components may be acrylic, 

20 J methacrylic, cyanoacrylic, epoxide base, two-component epoxy adhesives, two-component 
; urethane adhesives, and the like. Specific polymerizable components of interest include 

methylmethacrylate, ethylene glycol methacrylate, tetraethylene glycol methacrylate, cyano 
) acrylate, uretheane prepolymers and diols, epoxy-containing prepolymers with amines, and the 
like. In the subject polymerizable adhesives, the polymerizable compounds will generally make up 

25 at least about 1 %, usually at least about 5 %, and more usually at least about 10 % by weight of 
\ the bonding material. 

The polymerizable adhesive may include, in addition to the polymerizable components, 
one or more additional agents. One agent which may find use, depending on the particular 
adhesive employed, is a polymerization agent, where such agents include photosensitizes, 

30 photoinitiators, thermal initiators, and the like. Typical photosensitizes include the thioxantone 
derivatives; typical photoinitiators include benzophenone derivatives; and typical thermal 
initiators include the family of peroxy, perester, and azo initiators. When present, such 
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polymerization agents will generally not make up more than about 5 %, usually about 1 % and 
more usually about 0.5 % by weight of the bonding material. 

Certain suitable polymerizable adhesive materials are commercially available, including 
for example (from Summers Corp., Fort Washington, PA): J91 (a single-component UV curable 
5 adhesive having a viscosity (uncured) of 250-300 cP; P92 (a single-component UV curable 

photopolymer having a viscosity (uncured) of 900-1400 cP; SK-9 (a single-component modified 
acrylate/methacrylate photopolymer having a viscosity (uncured) of 80-100 cP; DC-90 (a hybrid 
two-component UV sensitive cement having a viscosity (uncured) of 275-320 cP; EK-93 (a 
thixotropic two-component epoxy system having a viscosity of 25,000 cP; and (from Loctite 

10 Corp., Rocky Hill, CT): Depend 330 (a two-part mix acrylic thermocurable adhesive having a 
viscosity (uncured) greater than 10,000 cP. 

Activatable adhesives finding use in the methods of the invention are those adhesives 
which include activatable polymeric compounds in combination with a carrier liquid. Depending 
on the particular adhesive, the polymeric compound may be dissolved in the carrier liquid (/.e., 

15 the carrier liquid is a solvent for the polymeric compound) or dispersed in the carrier liquid, such 
that the adhesive material is an emulsion or suspension of the polymeric compound in the carrier 
liquid. The number of different activatable polymeric compounds in the activatable adhesives may 
range from 0 to 3, and usually range from 0 to2, more usually from 0 to 1 . The activatable 
polymeric compounds will typically make up at least about 0 %, usually at least about 5 % and 

20 more usually at least about 10 % by weight of the adhesive. 

An activatable polymeric compound is a polymeric compound that is capable of being 
treated so as to serve as an agent capable of bonding or sealing two substrates together. 
Activatable polymeric compounds include compounds comprising activatable functional groups, 
where illustrative activatable functional groups include groups that can form strong interactive 

25 forces with the surface of the base substrate. Specific applicable groups can be hydrogen bonding 
forming groups such as the urethane containing polymers or halogen containing polymers, such 
as polyvinyl chloride. The activatable polymeric component includes small molecular weight 
polymers that upon application of heat or pressure diffuse or penetrate into the surface of the 
base material, creating sufficient physical adhesion to maintain the integrity of the microchannel 

30 structures. Activatable polymeric compounds include rubbery elastomeric materials such as, for 
example, silicone gums and resins, the styrene-butadiene copolymers, polychloroprene, neoprene, 
and the nitrile and butyl containing elastomeric polymers; polylacrylics; polyurethanes; 
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polyamides; phenoxies; polyvinylacetals, and the like. Specific activatable polymeric compounds 
of interest include, for example: silicone gums, whereby upon application silicone polymers 
diffuse into the substrate surface, which can be thermocured after application to form crosslinked 
siloxane structures; urethane containing elastomers, which provide strong hydrogen bonding 
5 interaction with any polymer containing carboxyl groups, such as the acrylates; and nitrile 
containing polymers, which provide strong quasi-crossliniked intermolecular structures by 
dipole-dipole interaction of the nitrile groups. 

The earner liquid component of the activatable adhesive material may be any of a variety 
of different liquids, where the liquid is a liquid that is readily separable from the polymeric 
1 0 compound following application of the adhesive to the surface of the substrate. Illustrative 
liquids include solvents inert to the cover material that may be removed by evaporation, which 
may be carried out under low pressure. Carrier liquids will make up at least 50 %, usually at least 
25 % and more usually at least 5 %, by weight of the adhesive material. 

Other components which may be present in the activatable adhesive include reaction 
1 5 catalysts, thermal initiators, and photoinitiators; where such components are present, they will 
usually be present in an amount which does not exceed 5 %, more usually in an amount which 
does not exceed 1 %, by weight of the adhesive material. 

Following application of the layer of fluid curable adhesive to the surface of the substrate, 
the applied layer will be rendered non-flowable. By non-flowable is meant that the applied layer 
20 is thickened so that the viscosity of adhesive layer will be increased to at least about 10 $ cP, in 
some embodiments at least about 10 6 cP and in still other embodiments at least about 10 7 cP. The 
manner by which the adhesive layer is rendered non-flowable will depend on the nature of the 
adhesive employed. 

Thus, for polymerizable adhesives, the adhesive will be partially polymerized so that a 
25 sufficient percentage of the polymerizable components of the adhesive are polymerized to render 
the material suitably non-flowable and tacky. Generally, during partial polymerization at least 
about 50 %, usually at least about 75 % and not more than about 95 %, usually not more than 
about 90 % of the polymerizable components will be polymerized. Partial polymerization can be 
achieved using any convenient means, including radiation, heat, light, and the like. 
30 For the activatable adhesives, the applied layer will be rendered suitably non-flowable by 

separating or removing the carrier liquid from the layer. Removal of carrier liquid may be 
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accomplished using any convenient means, including evaporation, which may be carried out 
under low pressure, and the like. 

After the applied layer has been rendered non-flowable, the surface of the first substrate 
(e.g., the cover) comprising the adhesive layer will then be contacted with the surface of the 
5 second substrate (e.g., the base plate) in which the microchannel or microchannels are formed. 
To assist in ensuring sufficient contact, pressure may be employed, as convenient. 

Following contact, the thickened adhesive will be cured, resulting in the bonding of the 
first and second substrates and the production of a sealed microchannel structure. The manner by 
which curing of the thickened adhesive is accomplished will depend on the type of adhesive 

10 employed. Thus, for polymerizable adhesives, the adhesive layer will already be partially 

polymerized and final curing may be accomplished by one ore more of exposure to radiation, 
heat, light and the like. Alternatively, for the activatable polymeric adhesives, the adhesive layer 
positioned between the first and second substrates will then be treated to activate the adhesive, 
where treatment could include exposure of the layer to radiation, heat, and the like, depending on 

15 the particular nature of the adhesive. 

Where desired the above method may be further modified to include a substrate 
pretreatment step prior to the application of the adhesive to the substrate. Pretreatment steps that 
find use include exposure of the substrate, either the first or second substrate, to a cleaning 
and/or abrasion agent, etching agent, e.g plasma, corona, chemical, and the like, where such 

20 pretreatments provide for improved wettability of the surface of the substrate by the adhesive 
material. 



EXAMPLES 

The following examples are offered by way of illustration and not by way of limitation. 
Example 1 

25 This Example illustrates fabrication of a microchannel structure made up of a 

polymethylmethacrylate base plate bonded to a polymethylmethacrylate cover using a 
photocurable acrylate bonding material in a two-step curing process. 

In this example, the bonding material is prepared as a blend of linear low molecular 
weight polymethylmethacrylate (MW = 10 5 - 10 6 , 5 - 30 % w/w) dissolved in a mixture of 

30 methylmethacrylate monomer (60-95 % w/w), allylmethacrylate (1-5% w/w), and 0.5% w/w 
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2-hydroxy-2,2-dimethylactophenone (Darocure-1173, EM Industries) as a polymerization 
photoinitiator. Using spin coating tools, a thin layer (1 - 10 /im) of this bonding material is 
applied to the flat cover plate made of polymethylmethacrylate (PMMA). The coated cover is 
exposed for 10 - 30 seconds to a 15 watt fluorescent lamp at 1 inch from the surface. With 
5 this pre-curing step, the thin film has a non-flowable consistency, tacky toward the surface of 
a PMMA base plate with microchannel structures. The base plate is aligned and firmly 
positioned over the cover plate to form a base-to-cover sandwich, and 50 - 150 psi of pressure 
is applied to maintain the contact of base-to-cover and complete the bonding process by 
curing the acrylic interface under a 15 watt fluorescent lamp at 1 inch from the surface for 1- 
10 2 hours. The final cured interface provides a crosslinked, optically transparent cement 
between the cover and base plates, with good wall contact to the cover plate and open 
channels for analytical applications. 

Example 2 

This Example illustrates fabrication of a microchannel structure made up of a 
15 polymethylmethacrylate base plate bonded to a Mylar™ film cover using a thermally activated 
bonding material. 

In this Example, the bonding material is a commercially-available thermally-activated 
adhesive. Photolithographic and electroforming techniques were used to prepare a mold, and 
injection molding techniques were used to prepare a microchannel base plate of an acrylic 

20 polymer (AtoHaas, Plexiglas™V825NA-100). The microchannel structure in this Example 
corresponds to two crossed linear channels of dimensions 2 cm and 5.5 cm in length 
respectively. The channels have a trapezoidal cross-section, with widths measuring about 120 
M m and about 30 ^m, and with an average depth about 40 /xm. At the termini of the channels, 
holes 3 mm in diameter were drilled through the base plate to serve as buffer reservoirs. The 

25 channels were covered by thermal lamination of a 2 mil thick sheet of Mylar™ coated with a 
thermally-activated adhesive (MonoKote™, made by Top Flight Co.) at 105°C for 5 minutes. 
Electrodes of 76 micron diameter platinum wire were routed to each of the four reservoirs 
and terminated at one edge of the chip with a 4-prong 2.54 mm pitch KK* electrical heater 
(Waldon Electronics). No pretreatment or coating procedure was applied to the walls of the 

30 microchannel. The microchannel constructed this way has three walls whose surfaces are of 
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acrylic polymer, formed from the base plate, and a fourth wall whose surface is formed of the 
MonoKote adhesive. 



Example 3 

This Example illustrates separation of the fragments in the HAE III digest of 0X174 
5 RF DNA by capillary electrophoresis in a sealed plastic PMMA/Mylar™ microchannel 
structure fabricated as described in Example 2. 

DNA separations were done in a sieving matrix consisting of 0.5% (w/v) 
hydroxyethylcellulose (HEC, MW 90,0000-105,0000), dissolved in 0.5X TBE with 2.5 
Mg/mL ethidium bromide. A sample of Hae III digest of $X174 RF DNA with fragments 

10 ranging in size 72 to 1354 base pairs previously diluted in run buffer was injected in the 

separation microchannel. After sample injection, separation of double stranded fragments was 
performed at an effective field strength of 190 V/cm. Fragment detection was performed 
through the PMMA base plate, using a fluorescence microscope (Olympus America) with 
photometer detection system (Photon Technology International). Excitation was derived from 

15 a deuterium lamp and delivered to the separation channel through a dichroic cube with 530 
nm excitation filter, a 560-580 nm dichroic mirror, and a 590 nm long pass emission filter. 
Representative results of this separation are shown in Fig. 7 for an effective separation length 
of 4 cm with a total separation time of 2.6 minutes. 



Example 4 

20 This Example illustrates fabrication of a microchannel structure made up of a 

polymethylmethacrylate base plate covered with a film composite of a polyethylene (PE) and a 
polydimethylsiloxane (PDMS) elastomeric material in a two-step curing process. 

In this Example, the cover film was prepared by applying a thin coat (about 100 /*m) of 
Sylgard 184 (PDMS, Dow Coming) to a 2 mil thick polyethylene film (Barrier Films). The 

25 elastomeric layer of PDMS was pre-cured for 30 minutes in air at room temperature. The 
resulting pre-cured PE/PDMS composite was applied to a polymethylmethacrylate 
microchannel base plate made by injection molding as described in Example 2, and the PDMS 
allowed to cure further for 24 hours at room temperature. No pretreatment or coating 
procedure was applied to the walls of the microchannel. The microchannel constructed this 
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way has three walls whose surfaces are of acrylic polymer, formed from the base plate, and a 
fourth wall whose surface is formed of the PDMS elastomeric material. 



Example 5 

This Example illustrates separation of the fragments in the HAE III digest of 0X174 
5 RF DNA by capillary electrophoresis in a sealed plastic PMMA/PDMS microchannel 
structure fabricated as described in Example 4. 

In this Example, the experimental parameters and conditions for the electrophoresis 
separation and detection of the Hae III digest of 0X174 RF DNA fragments under non- 
denaturing conditions were as in Example 3. Results of the separation using the 
10 PMMA/PDMS microchannel structures are shown in Fig. 4. In this Example, separation of 
the eleven double stranded fragments was achieved in 5.0 minutes of total separation time. 

Example 6 

For this example, PMMA/PMMA microchannel structures were prepared using an 
injection molded microchannel base plate prepared generally as described in Examples 2 and 

15 3. A flat PMMA plate injection molded using the same procedure was used as the cover plate 
to enclose the microchannel structure. Physical bonding between the base and cover plates 
was achieved using a thermobonding procedure carried out generally as follows. The 
microchannel base plate and the flat cover plate were mounted together in a mechanical 
fixture that allows plate heating and mechanical encasing of the two plates under pressure. 

20 For bonding, the fixture containing the microchannel cassette structure was heated to 104 °C 
at a rate of 1 °C/min in an oven. The temperature was then maintained 104°C for 2 hours. 
During this time, the two plate surfaces meltd and fused to each other. To complete the 
bonding, the temperature was reduced to room temperature at a rate of 1 °C/min. Then the 
fixture was opened and the PMMA/PMMA microchannel structure was removed. In the 

25 resulting microchannel containing cassettes, the channels are limited by four acrylic walls 
produced from the same acrylic injection molding resin. The walls are well-bonded, allowing 
the loading of viscous solutions under 100-200 psi pressure using a syringe adapted into the 
well opening of the microchannel. 

As a demonstration of the separation of single stranded DNA fragments in such a 

30 thermobonded PMMA/PMMA structure, sieving gels were prepared as a solution of a linear 
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polymer (4.5 % by wt, MW=3 x 10 6 ) in 7 M urea and IX TBE buffer. The separated 
fragments of DNA correspond to a Cy5 (indodicarbocyanine dye amidite, Biological 
Detection Systems, Inc.) labeled DNA Size Marker of single-stranded fragments ranging in 
size from 50 to 500 bases, separated by exactly 50 bases (Pharmacia). Electrophoresis was 
5 performed at 150 V/cm, with an effective channel length of 4 cm for 16 minutes. Detection 
was achieved using confocal fluorescence detection with He/Ne laser excitation (EX: 633 nm) 
and emission at 670 nm. Figure 5 provides an example of the electrophoretic separation of 
single stranded DNA fragments obtained under these experimental conditions. 

Example 7 

10 This Example illustrates fabrication of a microchannel structure made up of a 

polymethylmethacrylate base plate bonded to a polymethylmethacrylate cover using a thermally 
curable bonding material in a one-step curing process. 

In this example, the bonding material is prepared as a mixture of linear low molecular 
weight polymethylmethacrylate (MW = 10 5 - 10 6 , 5 - 30 % w/w) in methylmethacrylate 

15 monomer (70-95 % w/w), and t-butylperoxypivalate (tBPP, Lupersol 11-Pennwalt) as a 
thermal polymerization initiator. Using spin coating tools, a thin layer (1-10 j*m) of this 
bonding material is applied to a flat cover plate made of polymethylmethacrylate (PMMA). 
The base plate is aligned and firmly positioned over the cover plate to form a base-to-cover 
sandwich in a fixture, and pressure is applied using the fixture (50 - 150 psi) to maintain the 

20 contact of base-to-cover. The assembly of base-to-cover is carried out in a manner that avoids 
overflow of the channels with the bonding material. The bonding process is completed by 
curing the acrylic interface at 70 °C for 1-2 hours. 

Example 8 

This Example illustrates fabrication of a microchannel structure made up of a 
25 polymethylmethacrylate base plate bonded to a polymer film cover using a thermally curable 
bonding material in a one-step curing process. 

In this Example a process similar to that of Example 6 is employed, by substitution of 
a cover film of 50-500 /xm thickness for the PMMA cover plate. Films made of hydrocarbon 
based polymers (e.g., low density polyethylene, amorphous polypropylene), fluorinated 
30 polymers (e.g. , polytetrafluoroethylene), or copolymers or blends of such polymers are 
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suitable for this process and provide added optical transparency required for spectroscopic 
(fluorescence and UV) detection through the cover. Chemical bonding of the acrylic base to 
the cover film is carried out generally as described above for the acrylic flat cover. In this 
format, the application of the bonding material to the cover film can be carried out manually, 
5 for example using a fine paint brush or rollers, or automatically, for example using roll 
coaters or float coaters. 

Example 9 

In this example, the bonding material is prepared as a blend of linear low molecular 
weight polymethylmethacrylate (MW = 10 5 - 10 6 , 5 - 30 % w/w) dissolved in a mixture of 

10 methylmethacrylate monomer (60-95 % w/w), allylmethacrylate (1-5% w/w), and 0.5% w/w 
2-hydroxy-2,2-dimethylactophenone (Darocure-1 173, EM Industries) as a polymerization 
photoinitiator. Using spin coating tools, a thin layer (1-10 fim) of this bonding material is 
applied to the flat cover plate made of polymethylmethacrylate (PMMA). The coated cover is 
exposed for 10 - 30 seconds to a 15 watt fluorescent lamp at 1 inch from the surface. With this 

15 pre-curing step, the thin film has a non-flowable consistency, tacky toward the surface of a 

PMMA base plate with microchannel structures. The base plate is aligned and firmly positioned 
over the cover plate to form a base-to-cover sandwich, and 50- 150 psi of pressure is applied to 
maintain the contact of base-to-cover and complete the bonding process by curing the acrylic 
interface under a 15 watt fluorescent lamp at 1 inch from the surface for 1-2 hours. The final 

20 cured interface provides a crosslinlced, optically transparent cement between the cover and base 
plates, with good wall contact to the cover plate and open channels for analytical applications. 

Example 10 

This Example illustrates fabrication of a microchannel structure made up of a 
polymethylmethacrylate base plate bonded to a polymethylmethacrylate cover using a thermally 
25 curable bonding material using a one-step curing process. 

A chemical bonding material was prepared as a mixture of linear low molecular weight 
polymethylmethacrylate (Mw - 10 5 - 10 6 , 15% w/w) in methylmethacrylate monomer (85 % 
w/w), and t-butylperoxypivalate (tBPP, Lupersol 11, Penwalt) as a thermal polymerization 
initiator. 
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The microchannel structure was prepared from a base plate in which microchannels were 
formed, with recess wells bored partway through the base plate at the ends of the channels. The 
cover plate is provided with 2 mm diameter holes that align with the recess wells at the ends of 
the channels when the cover plate and base plate are apposed. The base plate and cover plate 
5 were made by injection molding from a polymethylmethacrylate resin (AtoHaas V825-NA100). 
After careful cleaning of the bonding surfaces with a surfactant containing solution, the curable 
bonding solution prepared as described above was applied onto the cover plate using standard 
spin coating equipment at 2000 rpm for 5 sec. The base plate was then carefully aligned onto the 
coated cover, with the apposing generally planar surfaces face-to-face. The sandwich structure 

10 assembled this way was then placed in a bonding fixture, configured to apply uniform pressure 
throughout the assembled structure. The interface layer is allowed to cure between the two plates 
under pressure of 40 psi in the fixture at 70 °C in an oven for two hours. After this curing 
process, the fixture containing the structure is cooled, and then the bonded microchannel 
structure is removed from the fixture in its final functional form. 

15 The channel pattern used in this Example has a crossed-channel configuration, with 

reservoir wells at the ends of the channels. The shorter channel has a segment of length 0.4 cm 
from the well to the intersection on one side, and a segment of length 1 .0 cm from the well to the 
intersection on the other side. The longer channel has segments of lengths 1 cm and 5 cm 
respectively from the well to the intersection. The channel cross-section has an asymmetrical 

20 trapezoidal shape of about 40 \im at the bottom of the channel and about 100 urn at the top of 
the channel. The channel depth after bonding was 35 [im as measured in scanning electron 
micrographs . 

Example 1 1 

This Example illustrates separation of a DNA ladder under denaturant conditions by 
25 capillary electrophoresis in a sealed plastic PMMA/PMMA microchannel structure constructed 
as decribed in Example 8. 

Without any preconditioning of the microchannel surface, the microchannels were filled 
with a 5 % linear polyacrylamide (MW = 2 - 3 * 10 6 ) solution in 1 *TBE buffer and 7 M urea 
using a pressurized syringe loading device with liquid tight connections to the well at the end of 
30 the long arm of the long channel. A solution of GeneScan 500 DNA ladder with tagged TAMRA 
label was electrokinetically injected into the channel cross-section from the short arm of the short 
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channel. After a sample plug was formed at the channel intersection, a separation voltage of 200 
V/cm was applied between the two wells of the long channel using platinum wire electrodes 
(76 urn). Detection of the separating bands in the longer segment of the longer channel was 
performed using a fluorescence microscope (Olympus America) with photometer detection 
5 system (Photon Technology International). Excitation was derived from mercury lamp and 
delivered to the separation channel through a dichroic cube with 535-550 nm excitation filter, a 
560-580 nm dichroic mirror, and a 570 nm long pass emission filter. 

Representative results of separations made in this way are shown in Fig. 10. The effective 
length of the separation is 4 cm, and separation was achieved in a total separation time of 7.5 
10 minutes. The GeneScan 500 ladder sample contains 16 DNA fragments with different number of 
incremental bases from each fragment. Fragment separation of fragments differing by 10 bases 
are labeled in the electropherogram of Fig. 10. Normalized single base resolution was calculated 
at between 0.3 and 1.2 for the 35 to 500 bases separation range. 

It is evident from the above results and discussion that improved methods for fabricating 
15 polymeric microchannel structures suitable for use in electrofluidic applications are provided. By 
using the subject methods, cover and base plate components of the structures can be sealed 
together without deformation, partial or complete clogging of the enclosed microchannels. 

All publications and patent applications cited in this specification are herein incorporated 
by reference as if each individual publication or patent application were specifically and 
20 individually indicated to be incorporated by reference. The citation of any publication is for its 
disclosure prior to the filing date and should not be construed as an admission that the present 
invention is not entitled to antedate such publication by virtue of prior invention. 

Although the foregoing invention has been described in some detail by way of illustration 
and example for purposes of clarity of understanding, it is readily apparent to those of ordinary 
25 skill in the art in light of the teachings of this invention that certain changes and modifications 
may be made thereto without departing from the spirit or scope of the appended claims. 
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CLAIMS 

What is claimed is: 

1 A method for constructing an enclosed microchannel structure having at least one 
microchannel, the method comprising providing a base member of a plastic material having at 
least one generally planar surface, providing a cover member having at least one generally planar 
surface, forming at least one microchannel in at least one of said planar surfaces, apposing said 
5 planar surface of said cover member and said planar surface of said base member and causing 
formation of a stable interface between said apposed planar surfaces. 

2. The method of claim 1 wherein said planar surface of said cover member is 
fabricated of a plastic material and wherein said step of causing formation of a stable interface 
comprises pressing said apposed surfaces together and heating said members for a time and to a 
temperature sufficient to bond said surfaces together. 

3. The method of claim 1 further comprising a step prior to said apposing step of 
applying a bonding material to at least one of said planar surfaces. 

4. The method of claim 3 wherein said bonding material comprises an elastomeric 
adhesive material. 

5. The method of claim 3 wherein said bonding material comprises a thermo-melting 
bonding material and wherein said step of causing formation of a stable interface comprises 
heating said bonding material to a temperature and for a time sufficient to melt said bonding 
material and then cooling said bonding material between said apposed surfaces to permit the 

5 bonding material to harden. 

6. The method of claim 3 wherein said bonding material comprises an activatable 
bonding material. 
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7. The method of claim 3 wherein said bonding material comprises a curable bonding 
material. 

8. The method of claim 3 wherein said bonding material comprises a polymerizable 
bonding material. 

9. The method of claim 7 wherein said curable bonding material is applied to said 
surface in a flowable state and wherein said method further comprises the step, following the step 
of applying said bonding material to at least one of said planar surfaces and prior to the step of 
apposing the surfaces, of partially curing said curable bonding material to a non-flowable state. 

10. The method of claim 8 wherein said bonding material further comprises a 
polymerization initiator. 

11. The method of claim 10 wherein said polymerization initiator comprises a 
photoinitiator and wherein said step of causing formation of a stable interface comprises 
exposing said bonding material between said apposed surfaces to light at a wavelength and 
intensity and for a time sufficient to cause polymerization. 

12. The method of claim 10 wherein said polymerization initiator comprises a thermal 
initiator and wherein said step of causing formation of a stable interface comprises heating said 
bonding material between said apposed surfaces to a temperature and for a time sufficient to 
cause polymerization. 

13. The method of claim 1 wherein said cover member comprises an elastorneric 
material. 
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(57) Abstract 

The invention relates to optically active elements made of a plastic material that is transparent to electromagnetic waves and to a 
method for the production of said element. Said optical elements should have at least a reduced reflection on their boundary surfaces with 
the surrounding medium. In order to solve this problem, a micros tructure should be formed directly at least in part on the surface of the 
elements. The widths or distances of the individual structural elements are smaller than the smallest wavelength of the electromagnetic 
waves influencing the element. 



(57) Zusammenfassung 

Die Erfindung betrifft optisch aktive Elemente aus einem fUr elektromagnetische Wellen transparenten Kunststoffrnaterial sowie 
Verfahren zu deren Herstellung, wobei solche optischen Elemente an ihren Grenzflachen zum umgebenden Medium eine zumindest 
verringerte Reflexion aufweisen sollen. Zur LOsung dieses Problems soil unmittelbar auf der Oberflache solcher Elemente zumindest 
teilweise einc Mikrostrukturierung flachenhaft ausgebildet werden und dabei die Breiten und Abstflnde der einzclnen Strukturelemente 
kleiner als die kleinste Wellelange der mit dem Element zu beeinflussenden elektromagnetischen Wellen sein. 
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5 Optisch aktives Element 

und Verfahren zu seiner Herstellung 

Die Erfindung betrifft optisch aktive Elemente aus 
einem fur elektromagnet ische Wellen transparenten 
10 Kunststoff material sowie Verfahren zu deren Herstel- 

lung . 

Bei optisch aktiven Elementen aus transparenten Mate- 
rialien fur elektromagnetische Wellen, im sichtbaren 
und nicht sichtbaren Wellenlangenbereich treten Pro- 
bleme an den Grenzflachen dadurch auf, da£ das ein- 
fallende Licht teilweise reflektiert und demzufolge 
entsprechende Lichtverluste in Kauf genommen werden 
miissen . 

Aus dem Stand der Technik sind diesem Nachteil ent- 
gegenwirkend einige MaSnahmen bekannt , urn die Reflex- 
ionsverluste zumindest zu verringern. 

Zum einen werden hierfur zusatzlich dielektrische 
Interf erenzschichten oder Interf erenzschichtsysteme 
auf die Oberflachen aufgebracht, urn den ref lekt ierten 
Lichtanteil zu verringern. Dabei ist f estzuhalten, 
daS diese Moglichkeit nicht in jedem Fall praktikabel 
ist und insbesondere bei den verschiedenen optisch 
aktiven Elementen, wie z.B. Prismen oder Fresnellin- 
sen nicht ohne weiteres eingesetzt werden kann. 

AuSerdem treten eine Reihe von Beschrankungen auf. 
35 Insbesondere bei der Beschichtung von Kunststoffen 

kann die Haftung der Schicht auf dem Substrat kri- 
tisch sein, so da£ sich die Schicht bei geringster 
mechanischer Belastung ablost . Desweiteren ist die 
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Entspiegelung stark strukturierter Oberflachen wie 
z.B. Fresnellinsen oder -prismen mit Interferenz- 
schichtsystemen beim gegenwart igen Stand der Technik 
nur in Spezialf alien moglich. Die entspiegelnde Wir- 
5 kung von Interf erenzschichtsystemen hangt stark vom 

Einf allswinkel der Strahlung ab, was bei Anwendungen 
mit einem breiten Winkelspektrum problemat isch ist. 



Eine andere Moglichkeit, die auf die Erkenntnisse von 
10 Fresnel bezuglich der Reflexion und Ref lexminderung 

aufbaut, ist in GB 1 529 021 beschrieben. Dabei wer- 
den in transparenten Platten aus Kunststoff materia - 
lien Ausstulpungen durch Pragen in solche Platten 
erzeugt, urn die Lichtverluste an Bedachungen von Ge- 
15 wachshausern, die normalerweise ref lexionsbedingt 

auftreten, zu verringern. 

In einer nicht vorverof f entlichten deutschen Patent - 
anmeldung ist daruber hinaus eine Moglichkeit be- 

20 schrieben, urn eine Entspiegelungsschicht auf einem 

optisch transparenten Material zu erhalten. Dabei 
wird eine Tragerschicht auf mindestens einer Oberfla- 
chenseite mit einer eine Makrostruktur iiberlagernden 
Mikrostrukturierung versehen. Die Makrostruktur ierung 

25 wirkt ahnlich wie eine Streuscheibe , hat aber den 

Nachteil, daS das Kontrastverhaltnis verringert wird. 
Insbesondere dieser Nachteil sollte bei optisch akti- 
ven Elementen vermieden werden, urn die gewiinschten 
Abbildungen nicht entsprechend zu verschlechtern . Die 

3 0 der Makrostrukturierung uberlagerte Mikrostrukturie- 

rung hat wiederum lediglich die Aufgabe der Vermin - 
derung der Reflexion an der Oberflache. Diese Losung 
zielt auf die Beseitigung storender Reflexe und weni- 
ger auf die Erhohung der Transmission. Die Makro- 

3 5 struktur dient der Umwandlung klar erkennbarer in 
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diffuse Reflexe; die Mikrostruktur reduziert die dif- 
fusen Reflexe, urn den Kontrast zu verbessern. Fur 
optisch aktive Elemente stellt ein diffuser Reflex im 
allgemeinen keine Verbesserung gegeniiber einem klaren 
5 Reflex dar, weil die Lichtausbeute verringert wird 

und das Storlicht im optischen System verbleibt (be- 
sonders bei Objekten mit vielen brechenden Flachen) 
und den Kontrast verschlechtert . 

Neben der Verringerung des Kontrastes ist die dort 
beschriebene Losung ebenfalls nicht ohne weiteres an 
optisch aktiven Elementen einsetzbar, da eine vorbe- 
reitete Tragerschicht nicht immanenter Bestandteil 
eines optisch aktiven Elementes ist und demzufolge 
zwischen Tragerschicht und eigentlichem Substrat des 
optisch aktiven Elementes eine Grenzflache mit den 
bekannten Nachteilen ausgebildet ist. Desweiteren 
konnen solche Tragerschichten nicht ohne weiteres auf 
komplex konturierte optische Elemente aufgebracht 
werden . 

AuSerdem konnen Haf tungsprobleme , die auch bei den 
Interf erenzschichtsystemen zu berucksichtigen sind, 
insbesondere bei den Kunststof f materialien auftreten. 

Erlauternd soil weiterhin darauf hingewiesen werden, 
daS bestimmte optisch aktive Elemente, wie Linsen, 
Prismen, oder Lentikulare mit geringer Dicke und gro- 
wer Offnung nach dem von Fresnel entwickelten Prinzip 
3 0 durch ent sprechende Oberf lachenstrukturierung her- 

stellbar sind. Bei solchen optischen Elementen ist 
deren Dicke zumindest uber die optisch wirksame Fla- 
che nahezu konstant. Dabei werden Wirkflanken verwen- 
det, die konzentrisch bzw. parallel zueinander ange- 
35 ordnet sind und infolge der Ausbildung der Wirkflan- 
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ken entsprechende diese voneinander trennenden Stor- 
flanken vorhanden sein mussen, die mehr oder weniger 
Lichtverluste bedingen. Dabei gibt es bei solchen 
optischen Elementen solche mit einseitiger Struktu- 
5 rierung und der entsprechenden Gegenseite, die in 

diesem Fall normalerweise als Planflache ausgebildet 
ist. Solche optischen Elemente konnen aber auch an 
beiden Seiten entsprechend mit Wirk- und Storflanken 
strukturiert sein . 

10 

Selbstverstandlich treten auch bei solchen optischen 
Elementen beim Durchgang des Lichtes durch entspre- 
chende optische Grenzflachen Reflexionen auf, die 
Intensitatsverluste und Kontrastverschlechterung be- 
15 dingen und zusatzlich storende, visuell auffallige 

Reflexe verursachen konnen. 



Insbesondere bei Fresnel-Linsen, die eine kurze 
Brennweite erreichen, treten die elektromagnetischen 

20 Wellen unter grofcen Winkeln (bis zu 70°) entweder 

durch die plane Flache und/oder die vorhandenen Wirk- 
flachen (infolge der Strukturierung) aus . Durch er- 
hohte Reflexion kann es eine zumindest teilweise Po- 
larisation des Lichtes geben. Aufierdem kann der An- 

25 teil an ref lektiertem Licht an der nachsten Grenzfla- 

che totalref lektiert werden bzw. durch Storflanken 
austreten. Durch die hohe Komplexitat konnen all die- 
se Moglichkeiten nicht beriicksichtigt bzw. vorberech- 
net werden, so dafi es zur Konzentration von Storlicht 

30 auf der optischen Achse bzw. auf konzentrischen Rin- 

gen (Abbildungsf ehler ) , bei Fresnellinsen, kommen 
kann, deren Lage von den Abstanden im optischen Sy- 
stem abhangig ist . 



35 



Es ist daher Aufgabe der Erfindung, optisch aktive 
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Elemente zur Verfiigung zu stellen, die an ihren 
Grenzflachen zum umgebenden Medium eine zumindest 
verringerte Reflexion aufweisen. 

5 Erf indungsgemaE wird diese Aufgabe mit den Merkmalen 

des Patentanspruchs 1 gelost . Mogliche Verfahren zur 
Herstellung solcher optisch aktiven Elemente sind mit 
den Merkmalen der Patentanspruche 7, 8 und 9 be- 
schrieben. Vorteilhafte Ausgestaltungsf ormen und Wei- 
10 terbildungen der Erfindung ergeben sich bei Verwen- 

dung der in den untergeordneten Anspriichen genannten 
Merkmale . 

Das erf indungsgemaSe optisch aktive Element aus einem 
15 fur elektromagnetische Wellen im sichtbaren und nicht 

sichtbaren Wellenlangenbereich transparenten Kunst- 
stoff material ist dabei so gestaltet, dafi zumindest 
die Oberf lachenbereiche, an denen die unerwunschten 
Reflexionen vermieden werden sollen, unmittelbar auf 

2 0 der Oberflache eine flachenhafte Mikrostrukturierung 

aufweisen, bei der die Abstande der einzelnen Struk- 
turelemente jeweils kleiner als die kleinste Wellen- 
lange der mit dem Element zu beeinf lussenden elektro- 
magnetischen Wellen sind. 

25 

Mit einer solchen Ausbildung einer Mikrostrukturie- 
rung konnen die unerwunschten Reflexionen zumindest 
stark verringert werden, da ein nahezu kont inuierli - 
cher Brechzahliibergang zwischen der Umgebung, in der 
30 Regel Luft, und der eigentlichen Oberflache des op- 

tisch aktiven Elementes zu verzeichnen ist, da der 
Anteil an z.B. Luft innerhalb der Mikrostrukturierung 
in Richtung auf das optisch aktive Element kontinu- 
ierlich abnimmt . Dies wird durch die Gestaltung der 

3 5 Mikrostrukturierung begiinstigt bzw. erreicht, in dem 
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das freie Volumen, das mit dem Umgebungsmedium (Luft 
oder ein anderes Gas) ausgefiillt ist, innerhalb der 
Mikrostrukturierung mit wachsender Tiefe kontinuier- 
lich abnimmt. 

5 

Die Mikrostrukturierung kann dabei einmal periodisch 
ausgebildet sein und zum anderen konnen die einzelnen 
Strukturelemente einer solchen Mikrostrukturierung 
auch stochastisch verteilt auf den entsprechenden 
10 Oberf lachenbereichen ausgebildet sein. Auch die Form 

der Strukturelemente kann stochastisch sein, z.B. 
Pyramiden mit einer GroSenverteilung . 

Dabei sollten bei linien- oder gitterf ormigen peri- 
odischen Strukturen die Perioden zwischen den Struk- 
turelementen und bei stochastischen Strukturen die 
einzelnen Strukturelemente und Abstande zwischen die- 
sen, jeweils kleiner als die kurzeste Wellenlange, 
der mit dem optischen Element zu beeinf lussenden 
elektromagnetischen Strahlung sein. 

Es konnen aber auch Mischformen von periodischer Aus- 
bildung und stochastischer Anordnung Verwendung fin- 
den, wenn das Abstandserf ordernis fur die Struktur- 
25 elemente zumindest uberwiegend erfullt ist. 

Die Mikrostrukturierung sollte vorteilhaft auf der 
Oberflache der optisch aktiven Elemente mit einer 
Tiefe bis zu maximal 1,5 fim, bevorzugt bis zu 1 /im 
3 0 ausgebildet sein, wenn z.B. im Wellenlangenbereich 

des sichtbaren Lichtes gearbeitet werden soil. Fur 
Inf rarotlicht kann die Struktur auch einige /im breit 
und tief sein. 

35 Erf indungsgemafi konnen optisch aktive Elemente: 



15 



20 
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Prismen, Lent ikulare , Strahl teiler , konkav- oder kon- 
vexgeformte Linsen, Zylinderlinsen, Fresnel -Spiegel , 
wenn als Riickseitenspiegel verwendet, oder Fresnel - 
linsen sein. Dabei konnen solche Linsen, wie dies bei 
5 Fresnellinsen generell der Fall ist, auch rait anderen 

Strukturierungen versehen sein, der die erfindungs- 
gemaE zu verwendende Mikrostrukturierung iiberlagert 
wird . 



10 Dabei ist es sicher giinstig, nicht nur die entspre- 

chenden Wirkflanken, sondern auch die Storflanken 
solcher optisch aktiven Elemente erf indungsgemaS zu 
modif izieren. 



15 Einf luSgroSen fur die spektrale Bandbreite der refle- 

xionsmindernden Wirkung, sind im kurzwelligen Bereich 
wiederum die Abstande zwischen den einzelnen Struk- 
turelementen bzw. die Breite der jeweiligen Periode 
und diese wird im langwelligen Bereich durch die Tie- 

20 fe der Mikrostrukturierung begrenzt, das bedeutet, 

da£ man fur gro&ere Wellenlangen tiefer pragen mufi . 



Ist die StrukturgroSe im Vergleich zur Wellenlange, 
fur die das Bauelement eingesetzt wird, zu gro&, 
25 tritt Beugung auf . 



Die Mikrostrukturierung kann auf Oberflachen des je- 
weiligen optisch aktiven Elementes ausgebildet sein, 
in die das Licht ein- bzw. austritt, wobei in jedem 
30 Fall die ref lexionsmindernde Wirkung auf tritt. 



Mogliche Kunststof f materialien fur die Herstellung 
der erf indungsgemafien optisch aktiven Elemente sind 
Polymethylmethacrylate, Polycarbonate sowie andere 
35 geeignete Polymere, die kostengunst ig herstell- und 
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verarbeitbar sind. Dabei kann die Herstellung der 
erf indungsgemaSen optisch aktiven Elemente in der 
Form erfolgen, daS die Mikrostrukturierung bereits 
wahrend des eigentlichen Herstellungsverf ahrens sol- 
cher Elemente durch SpritzgieSen oder HeiSpragen aus- 
gebildet wird. Hierfiir konnen Werkzeuge verwendet 
werden, an deren Oberflache ein Negat ivabbild der 
unmittelbar auf der Oberflache des optisch aktiven 
Elementes auszubildenden Mikrostrukturierung ausge- 
bildet ist. Dieses Vorgehen hat den Vorteil, daS kei- 
ne zusatzlichen Verf ahrensschritte fur die Herstel- 
lung solcher optisch aktiven Elemente erforderlich 
sind, die bei anderen noch zu beschreibenden Verfah- 
ren, mit denen solche Elemente herstellbar sind, er- 
forderlich sind. Beim Herstellen der erf indungsgema- 
Sen Elemente durch Spritzgie&en mit unmittelbarer und 
gleichzeitiger Ausbildung der Mikrostrukturierung in 
bestimmten Oberf lachenbereichen ist es auch giinstig, 
die Werkzeuge zusatzlich zu beheizen, um Spannungen 
im Kunststoff material zu vermeiden und es dem einge- 
spritzten Kunststoff material durch ausreichende 
FlieSf ahigkeit zu ermoglichen, die erf indungsgemaS 
gewiinschte Mikrostrukturierung auszubilden. 

Dabei sollte das Temperaturverhalten des verwendeten 
Kunststoffes berucksicht igt werden, da zumindest die 
mit der Mikrostrukturierung zu versehenden Oberfla- 
chenbereiche ausreichend erweicht sein miissen. 

Eine weitere Moglichkeit zur Herstellung der erfin- 
dungsgem§fien optisch aktiven Elemente besteht darin, 
die Mikrostrukturierung mittels eines Lasers auf der 
Oberflache eines solchen Elementes auszubilden. Hier- 
fur sind insbesondere Eximerlaser und in begrenzter 
Form auch NdYAG-Laser geeignet . Der Laserstrahl eines 
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solchen Lasers wird hierbei bevorz'ugt in zwei Ebenen 
abgelenkt liber die Oberflache, die mit der Mikro- 
strukturierung versehen werden soli, geftihrt, wobei 
zusatzlich eine Beeinf lussung der Fokussierung des 
5 Laserstrahls erforderlich sein kann, wenn eine nicht 

ebene Flache mikrostrukturiert werden soil . Dabei 
kann der Laserstrahl durch eine die Mikrostrukturie - 
rung vorgebende und entsprechend ausgebildete Maske 
auf die Oberflache gerichtet werden, urn die erforder- 
10 lichen Abstande der einzelnen Strukturelemente zu si- 

chern . 



Die Laserstrahlbehandlung wirkt sich insbesondere bei 
kleinen Stuckzahlen kostengunst iger aus, als dies bei 
15 dem anderen erwahnten Herstellungsverf ahren der Fall 

ist . 



Da die erf indungsgemaSen optisch aktiven Elemente 
keinen Materialverbund darstellen, sondern aus einem 

20 einzigen homogenen Kunststoff material bestehen, tre- 

ten die aus dem Stand der Technik bekannten Nachteile 
nicht auf, so da£ ein Langzeiteinsatz auch bei stark 
schwankenden Temperaturen ohne weiteres moglich ist. 
Zusatzlich verfugen diese Elemente iiber eine ausrei- 

25 chende mechanische Festigkeit, verringern Falsch- 

lichtanteile und verbessern Kontrast sowie Lichtaus- 
beute . 



Nachfolgend soli die Erfindung beispielhaft beschrie- 
3 0 ben werden. 



Als ein optisch aktives Element wird eine Fresnellin- 
se aus einem PMMA mit dem Brechungsindex n = 1,496 
(bei 500 nm) durch HeiSpragen mit einem Fresnel-Pra- 
35 gestempel und einer Gegenplatte hergestellt . Es han- 
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delt sich dabei urn eine Fresnellinse , die auf einer 
Seite die bekannte Struktur aus Wirk- und Storflanken 
aufweist, wahrend die andere Seite planar ist . Auf 
der Gegenplatte, die die Form der planaren Oberflache 
der Fresnellinse vorgibt, ist das negative Abbild der 
gewiinschten Mikrostrukturierung ausgebildet . 

Das PMMA wird in Form von Granulat, Pulver oder einem 
plattenf ormigen Halbzeug auf den in der Pragevorrich- 
tung untenl iegenden Fresnel - Pragestempel auf gebracht 
und durch Heizung des Fresnel -Pragestempels sowie der 
Gegenplatte bis uber die Erweichungstemperatur 108 °C / 
typischerweise auf etwa 180°C, erwarmt . Durch defi- 
niertes Absenken der Gegenplatte mit einem Enddruck 
von etwa 10 MPa werden in den flie&fahigen Kunststoff 
gleichzeitig die Fresnelstruktur auf der einen Seite 
und die entspiegelnde Mikrostruktur auf der anderen 
Seite eingepragt. Nach einer Abkuhlungsphase wird die 
Fresnellinse bei einer Temperatur unterhalb 98°C / der 
Grenztemperatur fur die Formbestandigkeit des PMMA, 
entf ormt . 

Die planare Seite der so hergestellten Fresnellinse 
zeichnet sich gegeniiber einer planaren Flache ohne 
Mikrostruktur durch eine verminderte Reflexion aus. 
Bei senkrechtem Lichteinf all werden durch die Flache 
mit Mikrostruktur nur etwa 1,5 % des einfallenden 
Lichtes im sichtbaren Wellenlangenbereich reflek- 
tiert, wahrend eine gewohnliche planare Flache etwa 
4 % des einfallenden Lichtes reflektiert. Dadurch 
wird die Lichtausbeute in optischen Systemen verbes- 
sert und die Ausbildung storender Reflexionen wirksam 
unterdruckt . 
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Patentanspriiche 

1. Optisch aktives Element aus einem fur elektro- 
magnetische Wellen transparenten Kunststoff mate- 
rial , 

dadurch gekennzeichnet, 
daE unmittelbar auf der Oberflache des Elementes 
zumindest teilweise eine Mikrostrukturierung 
flachenhaft ausgebildet ist, bei der die Breiten 
und Abstande der einzelnen Strukturelemente 
kleiner als die kleinste Wellenlange der mit dem 
Element zu beeinf lussenden elektromagnet ischen 
Wellen sind. 

2. Optisch aktives Element nach Anspruch 1, 
dadurch gekennzeichnet , dafi freie Volumen inner- 
halb der Mikrostrukturierung mit wachsender Tie- 
fe kontinuierlich abnimmt . 

3. Optisch aktives Element nach Anspruch 1 oder 2, 
dadurch gekennzeichnet, daS Strukturelemente der 
Mikrostrukturierung periodisch auf der Oberfla- 
che ausgebildet sind und die Lange der Periode 
kleiner als die kleinste Wellenlange der mit dem 
Element zu beeinf lussenden elektromagnet ischen 
Wellen ist. 

4. Optisch aktives Element nach einem der Anspriiche 
1 bis 3, 

dadurch gekennzeichnet, da£ die Mikrostrukturie- 
rung auf Oberflachen des Elementes ausgebildet 
ist/sind, in die die elektromagnetischen Wellen 
eingestrahlt werden und/oder austreten. 
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5. Optisch aktives Element nach einem der Anspriiche 
1 bis 3, 

dadurch gekennzeichnet , da£ das Verhaltnis von 
Tiefe und Periode der Mikrostruktur (Aspektver- 
haltnis) nicht grower als 2:1 ist . 

6. Optisch aktives Element nach Anspruch 4, 
dadurch gekennzeichnet, da£ das Verhaltnis von 
Tiefe und mittlerer Breite der Strukturelemente 
der Mikrostruktur nicht grower als 2:1 ist. 

7. Optisch aktives Element nach einem der Anspriiche 
1 bis 6, 

dadurch gekennzeichnet, date das optische Element 
ein Prisma, eine konkav- oder konvexgef ormte 
Linse, eine Zylinderlinse , ein Lentikular, eine 
Fresnellinse, ein Fresnelprisma , eine Fresnel- 
Zylinderlinse, ein Fresnelspiegel , der als Riick- 
seitenspiegel verwendet wird, oder ein Strahl- 
leiter ist . 

8. Verfahren zur Herstellung eines optischen Ele- 
ment es nach einem der Anspriiche 1 bis 7 , 
dadurch gekennzeichnet, 
da£ das optisch aktive Element mittels Spritz- 
giefSen in einem Werkzeug hergestellt wird, an 
dessen Oberflache ein Negativabbild der Mikro- 
strukturierung ausgebildet ist. 

9. Verfahren zur Herstellung eines optisch aktiven 
Elementes nach einem der Anspriiche 1 bis 7, 
dadurch gekennzeichnet, da£ das optisch aktive 
Element durch HeiSpragen des bis iiber die Erwei- 
chungstemperatur erwarmten Kunststoffes mittels 
eines das negative Abbild der Mikrostrukturie - 
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rung aufweisenden Pragestempels hergestellt 
wird . 

10. Verfahren zur Herstellung eines optisch aktiven 
5 Elementes nach einem der Anspriiche 1 bis 7 , 

dadurch gekennzeichnet , da£ die Mikrostrukturie - 
rung mit einem Laser durch Ablation auf der 
Oberflache des Elementes ausgebildet wird. 
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